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1.  THE  CAMBIOAN  FAUNA  OF  THE  EASTERN  SALT- 
RANGE. 


BT 

Db.  easl  a.  bbduch. 


INTRODUCTION. 

The  interefttiDg  leiulto  io  which  Plof.  Waagcn  was  led  in  bis  description  of  the 
fknsa  of  the  B«tt*Bange  induced  tlie  Geological  Survey  of  India  to  turn  their 
■tteotioii  to  the  series  of  beds  from  which  ibat  fiiuna  wae  derired.  Uemii  Uiddlemias 
MidNoelliDg  accordingly  set  thcmselvcH  the  task  of  proparing,  by  investigation  upon 
fhe  ipot,  a  more  detailed  classification  of  the  Beries  into  zoses,  for  at  the  time  of  the 
csflier  geological  enminttion  of  the  whole  Salt-Range  tbiiaim  oooldnofrcafficieiitly 
be  kept  in  view.  To  these  two  geologists  thoefore  I  owe  both  important  geological 
data  and  accurately-made  collections,  on  the  basis  of  which  the  following  palreonto- 
logicai  work  could  be  canied  out.  For  the  fact  that  this  valuable  and  interesting 
mBtmal  haa  oome  into  inj  handa  iqj  fbanlv  «n  due  eapesially  to  my  eileemed 
teacher,  Prof.  Waagen,  who  placet!  the OOHeottons  of  Mr  Middlcmissat  my  disposal; 
and  also  to  Dr.  Fritz  Koetling,  who  not  only  aapplemeuted  this  by  his  own  collection, 
but  alio  added  aome  new  forma.  I  am  moreover  deeply  indebted  to  Br.  T.  Oh. 
lloberg  of  Lund,  who  had  the  Irindaaaa  to  compare  several  spaoiminu  with  the  Swedish 
original!*,  and  in  nn  exhaustive  correspondence  has  given  mo  many  dfttft  whioh  have 
been  of  value  in  the  right  interpretatioa  of  several  of  the  species. 

Uai.  A.  B.  Wjmak  OmAigr  af  tk  8d|.faiv  h  Um  Pnjil^  Has.  M.  8vr.  Ui^  TtL  XIY.  f.  t$. 

1B8S.  WMgto,  8tlt>BaDf;e  FoMitt,  I.  Ptodurtiu-limtftvae  foMg]*,  Bnehiopodi.  p.  764.  pi.  8-1-8S. 

use.  Wh««d,  S^t-tUiig«  FoniU,  UMli>):ii:<il  RmuIu.  Ft.  I.  Fal. lad, 8«c  ZIII.Tal.  IV.pt  I. 

U88.  KiiiK-.  Wi'.lUm,  No'.o on  11.:- d;»r,.^.  rv  uf  triK.SHe.    Ofe. H.  WtiUi fa  th* IMbokt Ws  «(  lb*  Sail 

Kani;*.  Kw.  Oevl  Suit.  Ind.,  Vol,  X.XII.ji  ir,;i-54. 
1S91.  Wukiten.  B«lt-Kang*  Foaik  Gwlogiciil  Bnnult,,  P«l.  Ind.,  Ser.  XIII.  Vtl  IV,  pL  J. 
1891.  Middlmiu,  K<<t<»  on  th«Qeolo)[j  of       Balt-lluigc  ol  tho  Fnnjiib  aitU  »  ro-cociiid«rcd  theory'  of  the 

oricio  tnd  i>g«     the  a>ll>HMl.  Bm.  Qeol.  Barr.  iDd.,  Vol.  XXIV.  p.  IV. 
im  Hwliiaft  Oa  tin  OHihiiM  ftnaatiM  •!  Ih»  «a«Un  SiU-IUbi*.  Bm.  OmiI.  Bar?.  loi.,  V«l.  ZX  VII, 

Um,  OMtetMamMdentoOtaliigraf  UH^lOQ. 

int.  WwMm,  BaHiay  mi.  KiMtahte  ghalilM.  BuM^aia  fmaitAm  AMmte  Jsr  arit4>wr»nw|i«t, 
HiMMHkMMU.XI.t.a> 
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BASTEKN  SALT.RANQE  EOSdILS, 


PAL^NTOLOQICAL  DB80RIPTI0N. 
TsnoBtm. 

HomBiA,  HOT.  gen.,  PI.  T,  Rgs.  1— 8a. 

1891.  OlentJlM,  Hp.  Wiu«ea.  SAlt-KiDgre  Foraili,  P»l.  lod.,  Str.  XIU.  Ge<iiof{icsl  B«m1U,  Part  11.  pi,]iOB. 
ISM.  Of'it<-//u,  >p.  XootUng,  On  th«0>mbriMlmatiM«ltl*lMtt»MuBMglL   HlIM^  Owltgiwl 

Surrcv  of  Irnli..  Vol.  XSVII,  p.  76. 

TIlis  form,  recorded  under  the  name  of  OleHellus,  differs  so  greatly  in  various 
ebaneten  from  the  speefw  iodioBted  Uat  ganede  oaoM  ibat  it  ia  neomtaj  to 
place  it  under  a  new  sfeneric  designation. 

Ih«  head  shield  is  almost  seDUclioaUuv  sUgbtly  elevated,  possesses  moveable 
cbeelcs  and  two  long  obeak-apinM.  The  gtabotk  ia  cyJindrical,  slightly  oonfemBted 
t(iwnrilR  tbe  middle^  provided  on  each  sido  vitb  fonv  Istonl  fanowi.  Hw  palpe- 
liral  lobes,  which  Kiirround  the  glabella  in  one  continuous  ourve,  are  completely 
separate  from  it  and  not  contiDent  as  in  Olenellus,  The  facial  sutures  are  well* 
deVdoped  in  all  tbo  apeeimeoa  and,  in  oonaaqnenae  <if  ttia,  tno  obeeka  ave  praaent. 

The  suture  begins  in  the  first  quarter  of  tha^ztemal  margin  (reckoned  from  tbe 
glabella),  extends  along  the  oyes,  and  towarda  the  poateiior  margin  Is  a«raln  directed 
outwards.  Tbe  fixed  cheeks  are  very  oanow,  wbilat  tbe  free  cheeks,  which  are  pro- 
vided vitb  long  elieek>spinea,  aae  alouMt  dooUe  the  width. 

Of  tbo  tboras  only  isolfiteil  segments  are  preserved.  The  axial  part  is  elevated ; 
tbo  plcur:e  are  grooved  ("  plevre»  a  ailloa  "  of  JBarraode),  and  ead  in  a  backwordly 
direoted  spine. 

On  tbeglahella  the  surface  of  the  test  shows  fine  back  wardl  y  directed  ridges  which 
nre  however  so  fine  that  they  nre  visible  only  umier  the  lens.  On  the  thickenod 
margin  they  are  also  present,  but  so  much  stronger  that  they  can  easily  bo  shown  in 
the  fignie.  Tbe  eheeka,  even  when  highly  aaagniiied,  ahow  notiiing  of  the  aort,  hut 
ntnoat  a  fine  punctation,  whicli  bowprcr  is  mainly  duo  to  tlic  structure  of  the  test. 

This  genus  is  distinguished  from  Olenellut  by  the  presence  of  a  well-developed 
f adal  suture  and  by  the  distinct  separation  of  the  eyea  from  the  glabella.  Walcott, 
indeed*  describee  under  tbe  name  Olenetlus  a  form  which  is  closely  allied  to  oov 
genus  but  wbicli  does  not  show  tbe  typii^l  characteristics  of  Olencil'm.  Tlii'^  is  the 
OUneilM  Giiberti  which  is  representod  on  PI.  XVIII,  Figs.  1  and  1  e  ot  the 
Seeond  contribntbii  totheatodiflBonthe  Cwnhrian  fannaof  HorOi  Amerioa.*'  BolL 
TJ.  8.  QooL  Survey,  1880.  In  these  figures  we  see  facial  sutures,  although  iji  the 
text  it  is  not  made  clear  whether  tbey  are  true  sutures  or  only  fractures, 
TTaloott  indeed  has  informed  me  by  letter  that  be  baa  never  found  trne^oial  aatorea 
in  0/e*«Aiif*1wttintheieKtorthe  wedcaietttianed  weoftenmdof  tbem,  c.r/.,  on 
page  17'i,  M  horn  hp  sr»ys  "  tlie  course  of  tbe  facial  suture  in  front  of  tbe  adult  head 
is  showu  by  the  h^^  obepk  fig.  I  c  gf  PI,  ^^Vljl."   %W  lower  branch  of  the  fadfti 
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•utmte  indioaied  on  the  Hune  tpedw  by  ibe  lettcrt  O  X  b  dearly  marksd  in  our 

form:  indeed  at  this  place  nil  the  free  cheeks  are  broken  away.  The  circumstance 
that  in  the  above-mentioned  form  we  see  regular  lines  which  can  only  he  interpreted 
as  facial  sutures,  and  that,  at  least  in  the  figure,  the  eyes  are  pericctly  quite  clearly 
wpurated  from  the  gUbeUa^iMketitpRibBblt  tiiak  m  Iuto  to  do  bare  wHb  a  traad- 
tionalfom,  which  approaches  eitraordinarily  closely  our  Indian  ?<in\i';,  and  which 
already  posaesaes  facial  autorea  and  eyea  aeparated  from  the  glabeJk,  but  doea  not 
yet  exbihit  tha  wdl^dereloped  lowar  bmeb  of  tin  fiadal  ratOTCB  of  Bo^erUt, 

Of  the  genera  hitherto  known  which  can  be  brought  into  oomparisoa  with  oars, 
Prolole)>us\  Paradoxidcs  and  Melatoxidet  stand  very  oloae  to  it.  Thi^  shnjio  of  the 
glabella,  the  presence  of  a  complete  facial  suture,  the  free  cheeks  and  the  form  of  the 
ttmndfliapBmli«gweirithtiioaaof/VoloJln^  TbediflennMoonsistsebieflyinthe 
absence  of  the  ocular  ridgiB.  Thf  rvr?!*  form  a  completely  closed  line  so  that  with 
their  upper  and  lower  cndi  tbey  lio  directly  against  tbe  glabella.  This  position  of 
the  eyes  brings  mboat  fhe  lengtheBing  of  the  lowar  bnmeh  of  the  aature.  Tbe 
absence  of  a  trae  occipital  ring  further  distingaiahee  our  species  from  JProtohmtu, 
and  brings  it  closer  to  Paradoxidet.  It  is  also  worthy  of  mention  thnt  in  Protolenns 
tbe  fixed  obeeks  are  cousidezably  increased  at  the  cost  of  the  free,  while  in  Iloe/eria 
the  leferse  ia  tiie  ease. 

Of  the  allied  genera  Paradoxidea  and  l/«<<i/0d;icf«f  still  remain,  hut  tlic  farnur  is 
easily  distinguished  by  its  conical  glabella  and  the  latter  by  its  short  and  bioad  bead* 
shield,  wide  fixed  cheeks  and  oblique  facial  suture. 

BbantBiA  Nokungi,  n.  g.  et  n.  sjt.  PL  I. 
l%a.l— 8e. 

Vu.      .      Vw.  lata, 


LaagdkalhssddikU   .   Vttmm.  18-6  an. 

AypnsoBals  bieaflib  of  bssd  shsld  M  But» 

IiSDgih«f  ghbsUa   IM  am.  IS  am. 

BiwdttafgtsbaHa   S't  atak  nsk 

The  ^bella  it  slightly  inflated*  i^Undiioal,  aomewhat  widened  towarde  the 
pnettriw  end,  ^vided  with  four  lateral  furrows  on  each  side.  The  first  and  second 
pair  of  furrows  become  so  weak  towards  the  middle  that  thoy  are  with  difficulty 
visible;  exteriorly  tbey  stretch  in  a  forwardly  directed  curve.  The  other  two 
mite  in  the  middle  and  an  ImbI  into  a  liniilar  earvie.  The  firontol  lobeia 
twice  M  hroad  as  long,  and  slightly  inflatwl.  'J  !in  lateral  lobes,  in  correspondence 
with  the  furrows,  arc  croscentic  and  bent  forwards  and  outwards.    Tbe  greatest 

Uf.Hattbtv.NttwMOmbriMfnMa.  DmkfiBMiik  al  tha  hnn  <<  taad  k  ia  tb*  Cknbxin  difiiiaa 
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width  of  the  glabella  liw  at  the  flnt  latenl  lobe.    The  eye-lobei,  which  are 

completely  separated  from  the  glabella,  stretch  without  interruption  in  a  strongly 
arclied  curve  from  the  frontal  lobe  to  the  last  lateral  furrow :  in  form  they 
are  book-shaped  (such  eye-lohea  are  called  by  Matthew  "  oontinuous ").  The 
branoh  of  the  fiMial  avtme  begim  at  tlie  foritriat  bonier,  nma  paralld  to  thia 
for  a  short  distance,  and  bending  outwards  towards  the  eye  passes  to  the  anterior 
maigin  whore  the  ttro  sutorea  diverge  from  each  other.  Thus  the  cheeks  are  divided 
into  fixed  and  free  portiona.  The  fonner  are  Toiy  narrow  aad  are  occupied  for  the 
moat  part  hj  the  ^a4obfla.  The  bee  dieaka  appear  totoraUy  flat  with  a  high 
marginal  ridge,  which  forks  towards  the  posterior  margin,  passing,  on  the  one 
band,  round  the  rest  of  the  margin  and  of  the  cheek,  and  on  the  other,  outwards 
into  a  long  epine.  The  marginal  groore  ia  deep^  the  limb  hiaad  and  longitudinally 
striated.  The  glabella  alruost  tooehes  the  m^ig'"**  ridge  to  that  only  a  amall 
intermediate  piece  separates  them. 

Of  the  thorax  only  separated  segments  are  known  to  me,  in  whiob  the  pleurs 
bear  brood  grooTes.  Tbity  are  flat  and  end  In  moN  or  leaa  lengthy  apoMa.  The 
axial  ringa  are  mote  andied  and  show  a  graoTo  dinuniahing  in  depth  towards  the 
middle. 

The  sarfkoe  itmeture  has  already  been  notaeed  in  detail  in  the  descrtption  of 
the  genua. 

Two  forms  onn  he  distinguished,  one  with  a  broad  and  the  other  with  a  namw 
glabella.    The  lormer  wo  call  var.  lala,  the  latter  var.  anguala. 

Ptycbopabia  Eichtb&i,  n.  sp.  PL  I.,  Figs.  21  and  22. 

Although  this  is  very  badly  preserved,  yet  the  generic  characters  of  Ply. 
ehoparia  ore  recognisable  in  it.  The  oonioai  glabella,  u&rrowed  in  front,  the 
direotion  of  the  eyes  and  the  fallal  sutures,  bo  far  as  tbey  are  visible,  tbeiUMk-spiDe, 
and  lastly  the  weak  granulation  of  the  test,  agree  in  evoiy  way  with  the  geneno 
idiacaotefS  of  Ptj/choparia  as  oonstituted  by  Matthew*. 

The  head  ebield  ia  almost  aemieircular.  the  glabella  narrowed  in  front,  strongly 
inflatedt  limited  by  deep  axial  furrows,  and  provided  on  each  side  with  three  lateral 
furrows  directed  backwards,  which  do  not  reach  the  middle  of  the  Erlabclla.  With 
the  glabella  is  united  a  broad  neok-aegment  with  a  long  neck-spine.  So  far  aa  the 
fadal  autore  ia  virihle,  it  beglna  near  fhe  genal  angle  and  tfcretehea  along  the  ^e, 
tiiwicc  diverging  to  the  anterior  border,  which  it  reaches  in  the  first  third  (reckoned 
fiwn  tho  middle  line  of  the  glabella).  The  cheeks  are  sli!,'htly  inflated  and  com- 
pressed posteriorly.  The  sorfaoe  is  weakly  granulated,  but  the  granulation  is 
preserved  only  in  a  few  pkoea^  booanae  the  apeoimaiiB  mo  lor  the  moat  part  eaata. 
The  neok-f urrow  is  contiimad  ai  a  deep  ood^tal  gnwf^  to  wbkh  agaia  ia  raited  a 
broad  occipital  ring. 

Upon  the  eorroded  speoinwaa  the  qye*aoo1wti  only  an  indieatod.  They  meet 
the  glabella  at  the  third  lateral  fomw. 

'MittlMw,Ufai«|(alMMa(tbi8t.J«iHiOiM|kllv.nr,ftII.  Ihi  Mdl  tilltlft*  iri»  ^  Aw.  «^  f^Mk 
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The  BMnttallyoF  our  form  is  Ptyehoparia  X^nnortMNif,  Bioegger,  especially  the 

vriricfy  nlafa  described  by  Mattbow.'  11  o  ]>!  incipal  differences  are  the  broad  neck 
and  occipital  ring,  and  above  all  the  neck  sjiiiu',  almost  1  pvn.  \on^.  Moreover  the 
Intevmediate  piece  which  separates  the  glabella  from  the  frontal  margins  seems  to  be 
araeh  nufoirar  in  cor  foim. 


1I0LLU8CA* 

HTOIiITHBS  EmRWALD, 

HnMunns  Wtkws^  Wiagen. 
lan.  wtigM.  ui>iMif*  F«wib,  rtiaomt.       b«.  ziii,  y«l  it,  pt.  ii.  p.  99  5  pu  i.  Figi.  r-io. 


I  hare  notbiag  to  add  to  the  full  description  given  by  Waagen.  The  nvmef 

ous  specimens  before  me  are  derived  from  THiiMlf  miss's  collection,  and  are  marked 
in  part  with  "  B.  (lower  gallery)",  in  part  with  B  2  so  that  we  may  oonolnde 
tiiat  the  fom  baa  an  eztouiTe  Tertieal  distrilmtioB. 

Hyolitues  sp.  PI.  I.,  Fig.  24 

In  the  black  shales  of  the  Motferia-zone  lie  numerooa  remains  of  a  spnci.  s  of 
BfOlitiet,  wbieli  is  howerer  ao  compressed  that  its  original  shape  can  only  bo  recog. 
nised  with  difficulty.  Thqr  aie  long,  witii  apfateully  a  Mangnltr  aeotkn. 

speeies  shows  the  greatest  rescmblnnee  to  HrjolithM  primes  BiUinga,  with  vhieh 
it  agrees  in  its  length  and  triangular  section. 

If oBBaMu,  n.  g. 
HoBSBQxa  OBAiniL^u,  n.  g.  at.  B.  sp^  PI.  L,  FIga.  U—ia 

Biuferi*  NoeOmgl  is  aooompanied  1)j  a  type  of  Inaeliiopod  which  occun  in 

quite  extraordinary  abimdancc.  All  the  individuals  muat  be  included  in  one  genua 
and  in  one  species,  and  since  only  one  spedee  lies  hefoxe  me,  it  is  ponUe  to  unito 
the  generic  and  apeoilk)  deaeripUons. 

The  sheU  is  circular  or  slightly  elliptical  and  Bat.  The  ventnl  vafre  is  gently 
conical  with  a  somewhat  eccentrically  placed  umbo,  which  is  perforated  by  a  cleft 
for  the  paasage  of  the  foot  (pedicle  groove).  The  flattening  near  the  umbo  and  at 
tlM  poateriorboiderfonnaaUnd  of  fUaeaiea.  In  the  anterior  are  two  narrow 
macular  scars  situated  close  to  the  umbo  on  hoth  sides  of  the  ^ 
the  impressions  of  the  hinge-muscles.—  cardinal  scars.  Immediately  below  these 
lie  a  pair  cf  wide  imptessions,  lengthened  out  into  a  wavy  line  passing  towards  the 
inferior  border,-the  internal  scan.  Between  these,  close  to  one  another  lie  the 
central  scars  which  are  also  visible  as  slifrbt  drpr^^ions  upon  the  outer  surface  of  tiie 
sheU.  The  dorsal  valve  has  a  marginal  beak  with  two  small  lateral  i«^««tiiiinm  Tht 

•  llrttli«ir.  Uiutfrtiw  of  ti«  at.  J«to  fama,  a*  IT,  1.    p.      H.  n,  II 
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interior  shows  two  musouUr  impressions  di veiling  towards  the  inferior  border  and 
letween  these  lie  close  togefli«r  two  small  central  muscular  soars  which  increaae 
in  width  ioferiorly. 

In  the  interior  of  hotli  valves  fine  radial  lines  pass  from  (he  point  towards  the 
inferior  margin.  The  shell  oon&ista  of  several  layers  of  phosphnte  of  lime  and  chitin. 
It  Is  aomatimes  hiniiikted ;  and  the  uppermost  layer  is  finely  granalated,  the 
graDulatton  heing  closer  around  the  umbo  and  more  sparine  towaida  the  lover 
border,  as  in  Acrothele  granulala.  Linn.*  The  outer  side  is  inaroov«>r  eovf-rcd  with 
close  parallel  striations  of  growth  over  which  in  many  specimens  lie  fine  radial 
ftmowi. 

Tho  rlospst  allies  of  our  genus  are  Obolella  and  Acrolhele,  and  indeed  one 
may  look  upon  it  as  a  transitional  form  between  thorn.  Of  the  characters 
(tf  the  former  our  new  species  possesses  the  cleft  or  pedicle  groove  for  the 
passage  of  the  foot  and  the  mnaole  fanpveaakoB  of  the  Tmtnl  Talve ;  of  the 

latter  the  eccontric  umbo,  the  fals'f*  nrei,  the  sculpture,  and  the  interior  of  the 
dorsal  valvo.  The  agreement  goes  so  far  that  we  may  consider  Obolella  craua' 
■nd  j0f0Uele  gnmMtf  m  the  extreme  forais  of  Xobtrgia. 

Nbobolcs  "Wartui,  Waagen.  PI.  I.  Figs.  25  a  and  b. 

1888.  IftMgm,  SM^Baagt  Iimila,  I,  PtodMta  UaMlaBe,  8<r.  XUL.  Buwliiopadt,  p.  76S.  pL  84  «g. 
188>.  VMfM,  aJtiiBwti  I^H*.  te.  ZIII.  V(L  IT.  riMt  a.  OMbfMI  BMto.  n. n.  Sr.  M 
lan.  HOI  mi  CMI»,An  blistatlM  to  0»  iMy  «(  tUfnm.  «r  Pdmti*  BimU«H«iIM  i; 
VsMMlBlilM9«CV«rT«(lu  KhMoManr.  Altuj,  18M  p. 

Neobolw  Wwthi  iM  the  onl j  fossil  I  have  heea  able  to  examine  from  the 
Noobolus  zona.  ISie  .Tentrtkl  valve  with  its  prominent  umbo,  the  donalTBlye 
with  the  broad  septum  reaching  almo&t  to  the  lower  border  and  the  elliptical 
form  agree  in  every  respect  with  the  species  described  by  Waagen.   The  shell 
fUa  and  Uniih  irtiite  in  ooloar. 


In  flia  deepest  lajets  of  the  leiieB  lie  the  lemoanti  of  a  Inaehiopod  the  geoerie 

position  of  which,  on  account  of  its  bad  preservation,  it  is  difficult  to  determine. 
The  form  and  structure  of  the  shoU  rocall  the  genus  Obolella.  The  shell  consists 
of  several  lamince  of  which  the  lower  show  a  loo^todinal  striatioo,  while  the 


So  far  as  tbe  structure  of  the  shell  is  roncerned,  this  species  most  closely 
resemblea  Obolella  orataa;  but  in  our  form  the  umbo  appears  to  be  more  strongly 
ineorred  than  in  that  speeiaa. 


p.  iiX  pi.  1$.  liz-  It 

^Wnlait,  fceo^  rri trlii^tion  to  tb<  ilafiii <B Ito OnWn  IIHI tt Kth Aawfcfc  JMLRAthot. 

Surv^  lsS(i,  p.  Ill,  fig.  1.  (ipec.  1  e.  uid  f.). 

'  IjinntnoD,  On  the  biatbiopcd*  of  tbi  CinuioxidM  b.-d*  of  Sargdtn ;  Biiang  R.  Jtvenii  Alad.  JlanJl.  Bind  S. 
M«wU.167(kp-Hvl-IV,((.8L  Oiiatm»h»  JarttktUnnaua,  f.n,il.  IV,  6g,  «M8,  Uanuioa  Om  (Maw 
i.  hpiQ  Mi  Anfaddn  OtlwahH  L 


Omluu  sp. 


upper  are  lomBipliaft  lamdlar. 


ON&jtarM.  IWisBdfv  ShMtIm,  iar(M7» 
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LiNorLELLA  TVanniecki  n.  sp.  PI.  I,  Fig.  9  a,  b.  c,  d. 

Forms  a  sbnrt  rounded  triantjlo.  the  lowir  bordtr  almost  horizontal;  umbo 
i)road  i  striatiuus  conoeiitric,  liiie  aud  regular,  often  also  with  plaits  which  give  it  a 
lamellar  appearance. 

In  the  interior  of  tho  shpll  occur  two  lateral  scars  whicli  (li%'pr<re  from  fach 
otW  for  halt  the  length  of  tlie  shell,  and  then  approach  again  towards  the  middle 
depmalon.  The  latter  ia  tolerably  broad,  clearlj  Tuible  is  tin  oaab  and  widens 
towards  the  inferior  border.  The  sculpture  of  the  shell  coniista  of  fine  radial  striation 
and  a  clearly  visible  rejiularly  arranged  prnnulation,  The  position  of  the  muscle  im- 
pressions resembles  that  in  Littgulella  ella  figured  by  Walcott',  Fig.  4  a  and  b,  whilst 
the  fom  and  radial  striatkm  are  man  nearly  aa  io  Xteiwlc  •Maiwi/fl,  Boir.,  and  i& 
the  form  figured  by  Bomemann*  from  Sicily  in  his  Figs.  3  and  5.  The  chief  ground 
for  the  institution  of  a  new  species  lies  in  the  invariable  rounded  triangular  form 
with  a  horizontal  inferior  border,  and  moreoTer  in  the  regular  granulation,  which 
is  not  known  in  any  of  the  Intberto  daaeiibed  qnaeaof  LinffmiOia.  UmgvMki 
TFonniecH  occurs  in  ?rcnt  immheia  tbe  wde  NpnoentatiTa  of  thb  g«niH 
in  the  beds  with  Bceferia  ^*oeiUngi. 

LiNODLELLA.  FCCHSI,  D.  sp.  PI.  I,  fig.  10  a,  b,  c,  d,  e. 

Shell  a  Ions:  oral,  rery  flat.  Ita  greatest  eleration  lies  in  tbe  middle.  The 
large  ralve  is  drawu  oat  towards  the  point.  It  possesses  a  broad  area  with  a  cleft 
for  the  passage  of  tiieflwdiy  pedielew  This  cileft  is  the  chief  diaiactHr  wliieh 
di-liriTtiishf";  T.hiiiiilpU.a  from  TAngula.  Also  in  one  individual  traces  are  Tisihlo  of 
a  small  pit  in  the  interior  of  tbe  shell  such  as  Davidson  mentions  in  his  description 
of  tbe  gennt.  The  smaller  ralre  has  two  impreasioM  placed  near  aaoh  othor  and 
almost  reaching  to  tbe  inferior  border ;  and  in  the  oast  they  leave  a  ooncare  furrow. 
The  sculpture  of  the  shell  consiats  of  fine  closely  set  tadlal  lines  which  are  ent 
through  by  longitudinal  irregularly  placed  grooves. 

This  form  is  an  eqnivaleiit  of  the  Lbtg»l^  sp.  wUeh  linnarson'  hss  deserihed 
from  the  Swedish  camhrinn.  The  shape,  the  sculpture  nnd  the  somewhat  scanty 
evidence  of  the  interior  of  the  shell  agree  in  every  respect  with  our  species.  Figure 
25 '  shows  the  two  longitudinal  grooves,  and  Figs.  27  and  88  the  typical  shape  and 
also  tta  mdial  and  longitudinal  omamentation. 

The  nenrest  nllies  after  this  are  some  small  forms  of  Lingulella  Datitii,  Salter. 

Boroemann's  *  L.  attmuatOf  Sow.,  may  also  be  compared.  Figs.  4  and  8  show  a 
great  external  lilceDeaa  to  the  Indian  fonn.  Boraamana  leftves  itundeoided 
whether  it  is  a  LbiffvUi  or  a  I^nfmMh, 

Pvnrnomca.  WAAaan»  n.  g.  et  a.  epw  PL  I,  Kgs.  SI  and  28. 

UM.  SUnotbeo  niftatt.  Wale  T*r.  Mpet*.  Wah>  Hsrilii^  Oslhs  CbabriiB  iMMtiMiif  thsEMm 

S«)i-BaDg«.  p.  79,  Km.  Oral.  8«it.  o(  ladk. 

>  Vsleett.  Sraood  MntribnlioB  t»  tba  *tiiSm  m  tlia  OMnbrin  fniiM  tt  Nartb  AnMrioa.  Bull.  V.  A  Omt. 

*  Bw— — .OwihliatoaiMiWts^rtM  to  tod  ■MlhB.JB^Ais       Xwy«r<^M.  awl  I..4W.B.W. 

•  Umwnii.  Oa  (lis  kwUtH* M*** ^l■k>l•I"•<■l>•*M^ 
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NoefliBg  in  Ua  account  of  hu  journfij  nantioiis  this  fouil  as  Stenotheea 

rugotn,  Tar.  atpera-  On  closer  exnminntion,  howcvor,  we  find  that  nio>t  often  there 
are  two  shells  helouging  to  each  iudividua],  aud  iu  many  cases  thej  are  Htill  uait«d 
■o  that  we  mwt  couliMle  that  in  the  Uviiig  state  tibey  beUmged  togetlier.  Ha  vbat 
kind  of  animal  these  problematical  n^mains  Viplnn?,  rrinnot  he  dotorminod  with 
certainty  oa  acooont  of  the  scantiness  of  the  material.  Appearances  would  seem 
to  place  tlin  shell  among  the  hingelesa  Lamellibraiioblata,  although  we  know  no 
facm  in  older  Palscosic  beds  with  so  prominnnt  and  strongly  currcd  an  umbo.  The 
gnetest  diflSculty  however  in  assigning  tliis  form  to  its  propiT  systi  inatic  position 
lies  in  the  fact  that  we  do  not  even  see  how  two  sach  individuals  are  united  with 
eaok  other,  for  the  locik  here  ia  of  loeb  a  chsradier  that  it  doea  not  nnfoitnaatelj 
land  itself  to  preparation. 

The  single  individuals  consist  of  a  pair  of  bent  conical  compressed  valrea. 
The  anterior  opening  is  therefore  elliptic.  The  umbones  are  very  high  and  enrolled, 
and  fameh  one  another.  Vtoxa.  the  middle,  deep  eqaidlctant  rfdde-ahaped  gnovaa^ 
8  ia  9  in  number,  stretch  towards  the  point  of  the  shell.  The  union  of  two  valreato 
join  a  pair  ia  so  characteristic  that  in  any  case  we  must  separate  this  pusalfng  tonn 
from  StUuiOnoa,  althongh  a  na^le  ahell  by  iteelf  completely  ooiresponda  to  what 
tie  nndenland  \ij  that  name. 

CnaxvmaMt  ^  FL 1.  Figa.  19  and  90. 

Long  cylinders,  which  are  often  arranged  in  a  fan-shaped  aggregate  of 
various  thickness.  Fuchs  in  his  work'  "  Tbcr  die  Fucoiden  und  Ilieroglyphen'* 
has  given  a  clear  picture  of  the  origin  of  these  forms  and  has  de&nitely  removed 
thia  idea  that  fhey  an  the  ramaiaa  of  algae.  giro  a  spedfio  name  to  andi  wonn- 
tracks  appears  to  me  qnite  superfluous,  since  it  may  well  oeTer  he  possible  to  recog* 
nise  the  species  of  annelids  from  which  the  individual  tracks  originate.  More- 
over  a  comparison  with  the  genus  already  described  is  difEoult,  because  many 
remain  aUke  fcom  the  eamhiian  to  the  pceaentdajr.  19u»  in  Hall'a  worlE,'  under 
the  name  PaltBophycua,  we  sec  pictured  ejlindrrs  which  are  sometImM  straight  and 
sometimes  branched,  and  which  in  their  disposition  almost  ooneapond  to  our 
tiaelcB.  We  find  a  atOl  greater  Ukeneas  to  CylinMtw  msrmpU9»»t  Heer,  from  the 
Muschclkalk.'  Here  we  see  beautifully  t  he  fan^shaped  anangementef  the  ittdlfidttal 
tracks.  Lastly,  in  the  Natural  Ilistory  ITofinuseum  of  ViMiin  there  aie  tpaeimeiia 
from  the  f  lysch  which  are  not  diatinguiahable  from  ours. 

I  may  mention  here  two  oireamatanjes  which  TwAim  notioes  in  his  eooolnding 
ehaptcr  upon  the  distribution  of  Fucoids  and  which  arc  here  a^.iin  confiniifd.  That  is, 
first,  it  is  especially  the  beds  which  are  poor  in  fossils  tliat  are  rioh  in  CjfUndritMi 
and  seoondly,  it  ia  in  theae  deposita  whfeh  ara  fiormed  of  nooated  altanutfama  of 
mil^ftmiA  nd  intervening  marly  beds,  that  the  most  favonnhle  eonditfama  fov 
the  oocurrence  of  Uierotflyplis  and  Fucnids.  are  produced. 

'  Tbwdcr  Poehi,  Btaditn  iiL^r  F;il-ouI':>  im^l  ilitragliljrpbim.  ^nti$,  k  AtaJ,  rTin,         p.  3£8. 

•  FklaeatologT    ^''w  ^'o'k' Albtnj,  1-17  V*LI.MMrilim»r«tafatw,  |l. ».    T  t  Mmg»fnt  r»jiw*> 

■BMr,IkmfiMi]iiB«hpit»  M.  IT.  |!.  ZXIIL 
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FAL^ONTOLOGICAL  RESULTS. 

Before  we  proceed  to  a  detmninatUm  of  tlie  age  of  the  beda^  ve  maatt  ao 

far  as  this  is  possible  from  tlio  collections  of  Mes^srs.  ^^liddlciniss,  Nootiiag  and 
Waagen,  fix  the  distributioa  of  the  iadiridaal  fossils  in  their  horizons. 

The  loweet  lone  ia  the  Salt  Marl,  from  which  no  fossils  arc  known ;  and  this  is 
followed  hj  the  Khussak  group  or  NeoMtu  beds. 

I.  lower  Annelid  Sandstone. — A  s'eries  of  Lard  crenm-colour^d  glanconitic 
nadatonea  alternating  with  thin  beds  of  black  soft  sandstone.  Middlemisa  designates 
their  eabdividon  in  hia  aection  hjr  the  letter  "A."  They  contain  remnants  of  brachio* 
poda  bdoaging  to  the  genus  Obilella,  but  are  not  specifically  doteiminabls  ;  and 
fcagmenteoif  i^jyofi^AetyaDdtheyaia  moKorer  full  of  annelid  traoka.  Tbiokneaa 
SO  feet 

IL  Zone  of  BfcUtlM  Wfmulr^VAaiiSBak  nd  aandatone  with  gnen  apota. 

Contains  numerous  apecimens  of  I/^^o/t^/iM  TT'vMnef,  TVaagen,  and  fragments  of  a 
trilobite.    Here  alao  the  rock  shows  tracks  of  annelids.   Thickness  10  feet. 

ni.  Upper  Annelid  Bsnditonei — ^A  aerlea  of  bard  eream-eoloored  glaneonitio 
aandstone,  alternating  with  soft  greyish  black  thin  banded  bods.  This  is  the 
zone  distinguished  by  Middlemiss  as B  2."  It  contains  Orthis  Jf 'a rlld,  W&ageaf 
Ryolithet  IFgnneit  Waagen,  and,  according  to  Wuageu.  Ftyokopatia  Warthu 
IToetlingi  howerer,  helioTee  that  this  epedea  comee  from  the  lone  of  ByolUlm 
Wynnei. 

IV.  Zone  of  Neoholua  Warthi. — ^Thinred  sandy  micaceous  beds  full  of  lieobolut 
WMki,    This  ia  the  zone  £rom  which  Prof.  Waagen  obtained  the  following  uiut: 

SHutmitjftt  §nmtlaia,  Waageo. 
Sekitopolii  rn§9*m,  ,f 
2fttMiu  Wartti,  „ 

Mkt^aa  UagMitt  « 
M      *f"«ae>  m 

Ftnettella,  8p.  ind.  „ 

I  possess  only  Neoibolut  Warthi  from  this  sono. 

v.  Zonoof  i2(>^m<iJlfo0f<M^'--filaokoompaoito]B7  date*  with  aoaleai^  miea. 

They  contain — 

Hoeftria  NctUimgi,  vw.  anguita,  a.  fp.  «t  d.  ru. 
t,       a       nftMsB.Bp.eta.  w. 

lingnltUa  JTmnhmI^  a.  apk 
UfelUk*!,  sp. 

YL  lover  Ibgneaian  BMidrtpM.^11iia  eonaisto  in  ita  deeper  parta  of  sandy 
^oliBW'tt  wUeb  Bpfilniiw  intevoalated  bedi  of  di^* 
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la  ihii  diTbion  an  foimd— 

P$eudothr<'a  Jfaaytni,  n.  g«n.et.l.tp. 

Ptfckoparia  RiehUri,  n.  tp. 

AboTe^  the  magnesian  sandBtone  paasea  up  into  a  baid  day  irliicih  contains 
LhffUlella  Fuchsi,  n.  sp. 

In  tho  followinsj  beds,  which  Noethnfj  calls  VIII,  IX,  X,  and  moreover  in  the 
so-called  Ehagan walla  group  wbicb  concludes  the  whole  complex,  no  foasila  baT« 
hitberto  been  f oandL 

Vaagen,  on  the  basis  of  the  few  fossils  known  to  him,  dittiaguishcs  the  toO/UW* 
iag  groopa  in  iha  cambrian  fauna  of  the  Salt  Aange  (from  below  upwaids) 


Unfortunately  the  actual  spot  where  the  individual  specimens  wore  found  is  in 
most  cases  unknown,  and  this  ia  especially  true  concerning  Flgcho^ria  Wartbi, 
and  tine  bxaebfapods  wbkh  aooompMij  it,  and  alao  tbo  tiibUte  daaorfbed  aa  OImim 
indicui.  Thus  it  is  clear  tliat  the  KMtal  anoiMMfoa  ao  far  dfltennfaMd  waa  pvori- 
aioiial  in  oharactor. 

Noetling  was  tbe  jbak  ifbo  bf  flzaot  eolleotiona  waa  aMa  dafinifBlTto 
dafamiiiie  tho  order  of  moeetsion,  and  to  show  that  the  f oanla  wbiab  wiare  loaBd 

vrith  Flt/cfioparia  TTarMf,  as  well  as  O/enuain^/icM*  and  the  accompanying  species, 
eanw  from  lower  horisoas  than  the  Neoiolut-Olenelitts  fauna.  On  tho  ground  of 
bia  obnnratuHiB,  tberafow,  he  veetlfled  tb»  amial  aooOMBon  and  held  that  the  bed* 
•with  Ptychoparia  Wartki  and  0/fi'/«  i;;(//e;<»  must  be  considered  as  the  lower  sub* 
diTisions  and  that  the  Neobolut  and  Olenttlua  sones  must  follow  them.  At  tho 
same  time  be  showed  that  the  zones  of  P.  Wmihi  and  0.  indimn  would  not  belong 
to  the  PofwtfftrMte  and  Oleniu  zones,  because  neither  fom  is  eomectly  plaoed  hi  the 
nils  to  wliich  it  was  &Tst  referred.  Thus  the  apparent  reversal  of  the  succession  in 
our  region  conqiand  with  that  in  other  oountries,  was  quite  naturally  avoided.  I 
may,  momyrer,  ramaik  here  that  should  the  generie  name  PtydiopaHm  for 
P.  Worlhi  prove  to  bo  correctly  cliosen,  it  will  not  prejudice  the  alteration  in  the- 
succes^sion,  bfoause  Plychoparia  is  already  known  to  extend  from  the  oldest  to  the 
youngest  cambrian.  Oi  the  bpocies  designated  as  OltHut  indieut  there  is  too  little 
of  it  piwerTed  to  allow  of  any  deftnite  eondasioo  aa  to  tte  genw. 

Let  us  consider  somewhat  more  in  detail  the  fossils  which  have  since  become- 
known,  and  especially  those  of  the  Ho^erio'iont.  Eo^eria  Noetlingi,  as  already 
mentioned  in  tbe  palaeontologioal  deaoription,  is  very  doeely  allied  to  the  foraa 
figured  by  Walcott  as  OlemUM  OUberti  (PL  XYIII,  fig.  1,  Ic,  loc.  dt.) ;  and  its. 
rl'jse  rrxemblance  to  Trotolenut  cannot  hn  denied,  so  that  its  relatinas  with  the 
fauna  of  the  Oleneilu*  zone  are  very  close.  Mobergia  is  a  transitional  form  between 
JnwfiWfeand  OftoMfo.  Although  we  aea  trikVttas  aad  bnahiopoda  iddah  an  wary 


1.  Ntoliolw  Zooa. 
t.  Oleoellas  Zone. 

3.  Paradoxiclt!8  7^>at  (Lawd  upon  Ptyeiopari*  Warikii. 

4.  OleauD  Zone  (based  od  OUh**  imdieut). 
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fiketlKwe  of  the  Otowl/n*  tone,  we  most  for  the  pnMnt  give  Dp  tlie  ides  of  an 

exact  (lotorTninnrinn  of  the;  a^e  of  tliis  zone,  because  bothtbo  Cpeoifliof  tilO  Alf^!lrl8« 
2oae  belong  to  genera  whicli  are  not  found  elsewhere. 

Only  tiiiB  mueh  can  be  aidd  that  tlie  mlationaliipe  of  Eotferia  and  Moberfta 
point  chiefly  to  the  lowi  r  oanibrijn,  and  at  the  highest  to  the  middle  Cambrian, 
so  that  probably  we  liavo  to  rlo  with  an  old  rambrian  fauna.  The  deposits  found 
l)elou  these  beds,  lioworer,  do  ixtt  ofier  any  data  whatever  for  determining  their 
harison,  beoame  ilieir  foHiU  are  for  the  moat  part  new  genera  in  indifferait  forms 

«iich  ;is  Ft;jchopari(r  rf'rr^/"', -vvbich  may  belong     well  to  fbe  OleiMllM  Mne 
to  the  following  J^aradaxide*  or  Olenut  sones. 

BvBB  if  tba  Borf«rkhwao»  li  lower  cembifaB,  w«  oamiot  jet  coniider  fliat  the 
underlying  beda  are  necessarily  older  tbun  all  the  Cambrian  deposits  hitherto  known* 
fortbny  may  possibly  belong  in  their  entiiety  to  the  lower  paita  of  the  OlettellM 
aooe  of  other  lands. 

The  beda  witii  Soeferia  NoetUmgi  are  followed  bf  the  ID^nedan  Bandeione 

«;roup,  from  ■whiob  wt»  have  described  a  Th/choparut  and  several  Lingvlellat. 
Ftychoparia  Hickteri  has  a  great  resomblance  to  P.  Linnartoni.  Lingulella  Fuehti, 
although  not  identieiil  with  ia  yet  Tery  cloeely  allied  to  a  ipeoiea  of  LliigtMki 
wliich  LinnamoD  baa  deaoribed  from  the  Paradoxidet  beda  of  Sweden.  Here  agahk 
vro  tind  the  remnants  too  seanty  to  admit  of  a  diMot  oolttpariami  with  the  Pora* 
doxidea  beds  oi  other  countries. 

lasflj  tide  gfomp  fa  anoeeeded  bj  the  Bhagaawallft  gronp  or  flah  dyabil 
Pfieuflntuorpb  group,  the  clos<;  connection  of  nhieb  with  the  Mae^nesian  SandstODO 
leaves  no  doubt:,  aa  Hoetling  says  '  as  to  itA  incliuion  in  the  cambrian. 

Tli«  reaolt  of  oar  reoeareliee  on  the  relatkiiui  of  the  fsnna  may  be  ahortlj 
summed  up  by  saying  that  we  now  know  of  a  Cambrian  fauna  in  the  Salt  Kange 
which  according  to  the  fossile  known  from  it  oaonot  be  lefezred  to  a  later  horiiMi 
than  the  Faradoxidee  zone. 

The  compealtion  of  the  fauna  la  Tory  ahnple.  In  apito  of  the  eKCraordlnaty 
abundanc  e  of  individuBla  there  are  only  a  few  genera  and  species.  In  the  lowest  beds 
are  found  the  remnants  of  a  single  braohiopod.  The  same  poverty  of  species  is  met 
with  in  the  higher  zones,  for  they  ar«  distinguished  by  only  twobrachiopods  and  one 
SpolUieM.  It  ia  in  the  Keatotm  WtHrtH  aoiM  fbrthe  fimt  time  that  a  gnat 
differentiatfon  of  species  is  to  be  noticed,  and  this,  again,  becomes  less  marked  in  the 
JfoHihfi  faona,  where  in  spite  of  the  abundance  of  trilobites  and  brachiopods, 
only  a  single  spedee  of  the  one  order  and  two  of  the  other  can  be  diatfaifnislied. 
HwB  in  fact  this  peonliari^  is  at  its  height.  It  points  to  a  great  depth  of  the 
ocean,  and  this  view  is  supported  by  the  suJden  change  of  lithological  character. 
Up  to  this  point  we  Lave  seen  sandstones  with  numberless  grains  of  glauconite, 
while  here  raddenly  blaok  day  datia  without  any  tiaee  of  ghmoonite  oome  in. 
It  is  therefore  rr  inarkable  that  despite  these  indications  calcium  sulphate  and 
chloride  are  discovered  in  this  complex,  for  usually  they  point  only  to  a  moderate 
d^pth. 

■  'Tit  (.auaiian  formuiion  of  tii>  lartcrn  !^alt  BHf(,La.,y.  U.  BaiMgtni  K—faii im guiiilse  CpUifatn 

ftroiiKiiui  AltrM  ia  der  8*tt-B*u^  !  <>7- 
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THE  BELATIONS  OP  THB  CAKBEIAN  TO  THE  OVBBLTIKG 

CABBONIPEROUS  BEDS. 

TtirninEr  our  attention  now  to  the  ovcrlyin;:  hi-ds  we  find  that  tho  c-ambrian 
beds  arc  succeeded  uQcoaformably  by  rocks  of  upper  carboaiferous  age.  The  uuuoq- 
formi^  bai  been  noUoed  by  Wtagen*  in  tlien  vnrdi 

**Tbi»  gTO"P  appears  to  rc«t  everjTvhorf"  di-rordnnt  on  the  lower  beds,  and  thus 
com»s  in  contact  locally  with  all  the  groups  from  No.  2  to  No.  7.  However,  in  the 
single  sections,  this  disoordanoe  can  be  obeervad  ao3j  vltii  diBoultj,  and  thu9  Mr. 
"WyBne  wai  led  to  infer  the  absence  of  any  dended  diwjordanoe  within  the  entire 
serii  s  of  rock- groups  in  the  Salt  Bauge.  )Tith  rofjard  to  a  discordance  Iwtwpen 
the  ted  shaly  zone  and  the  group  lien  under  description  I  myself  am  by  no  means 
^rtf'm,  though  I  aeoept  it  in  tbe  Teiy  poaitive  anertiona  of  the  dnnmiataBee  by 
Br.  King  and  Mr.  R.  Oldham,  whilst  I  myself  have  seen  tho  boundary  between 
two  srrotips  only  at  a  few  places."  Oldham"  believed,  on  the  other  hand,  that  the 
unconformably  overlying  beds  were  not  upper  carboniferous.  Ue  compared  thorn 
irith  upper  oretaeeooa  beda  and  held  the  fauna  found  in  them  to  lie  deriyed  horn 
far  older  upper  carboniferous  deposits.  At  a  later  dnto  it  was  shown*  that  the 
beds  in  question  really  belonged  to  the  upper  carboniferous  period. 

This  earboniferauB  overlap  baa  been  atill  more  deariy  afSrmad  by  Noetling*  and 
Middle  miss/  In  the  chain  of  the  Him&Iayas,  on  the  other  hand,  the  aueeenioo  ia 
complete  and  the  silurian  and  devonian  beds  are  intercalated. 

Similar  ooaditions  are  met  with  in  China.  In  Northern  China  Richthofen  found 
aa  overlap  of  tbeearbonifcioaa  roeka  upon  the  eanibrian,*  while  in  the  eontheni  pait» 
in  the  folded  mountain  ehains  and  in  Southern  SlniiM  mi'l  Kansu,  the  sil  .irian  aod 
devonian  come  in.  In  ottier  parte  of  the  world  abo  there  is  often  a  gap  between 
the  carboniferoua  and  the  esmbr»u  beda. 

Concerning  the  nrea  betnecm  the  Great  Basin  and  the  Rooky  Mountains  of 
Colorado  and  New  Meicico  Dutton  wrifrs  "  Within  lli<- proviiu  e  the  vorv  few 
exposures  now  known  present  the  carboniferous  strata  n>siing  cither  upon  the  Cam- 
brian or  upon  the  asehaan.  The  devonian  and  vilnrian  are  either  wholly  absent 
or  arc  represented  by  a  few  eroded  remnants  of  trifling  extent." 

Newton  and  Tenney'  report  their  occurrence  in  the  Black  Hills  and  describe 
how  tlie  Cambrian  PotMbm  Sandstone  lies  directly  upon  the  folded  arobican  and 
metamorphio  rock«,  and  is  itself  overlaid  by  the  carboni&roua  beda.— >**  Whenever  the 
Potsdam  Sandstone  and  the  lower  carboniferous  series  nro  to!;ethcr  Tiaiblfl^  they  are 

'  WkniTD,  Salt-IUnjrn  Fovail*.  Tol.  TV,  |>t.  I.  Qaoic^iwl  lioulli,  p.  40  aui  (x^.  6  p.  i3. 
OldUm,  Tiff.  Gk.1.  Rnrv.  inii^  Vol.  X IX.  (ISBS), p.  IlB. 

'  01<i)i*m,  (i6.'luL-.v  of  ludia.  im.  p.  121. 

•  Niwtliiig.  lieUrMjce  tur  KmntaUder  glaeiakio  Srhioblen  piTJiiiwKoo  Aiti-miii  Jit  S»It  iUagt.  p.  79,Lak 

*  MiddlamiM.  Nutoaa  tbagMioajr  •<  t^^Bngvoftlw  Punjab.       Km.O.  8. 1.  VuL  zw^p.  1«l 

•  BMMii^CUaiuUM.^«M,sdlMiMnwiM^  faUM^^ 

*  I.  Uattaa.MmakTlqrteaiid  Ika  Znd  IliUMi.  SUIkim.  R*p.  U.flkONLaKr*.  I8844C.  |t.  m. 

'  H.  VwtM  ni  W.  T.  TI«Mf ,  Rtpoit  ra  At  Gsdw  *^  B«iMi«M  of  tW  Btaak  Hilli  of  UlMta.  Wubinstda. 
]aHl!,^  Ml.  a  MiiMtrsHliOMWiiliiaalhsiilrtiaMfl^ 
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abwlately  oonfomiBble  ind  ihs  diitinetkii  iMtwMii  the  loifa  of  the  two  ■jitBDW  ii 
often  8o  perfectly  mailEed,  tlut  tbe  bbdo  of  m  psnknifo  tuj  lie  innrteil  eft  their 

line  of  separation." 

TLe  discordanoe  is  also  known  in  tbe  northera  part  of  Texas,'  while  in  tbe 
■outbem  part  rilvriao  and  derooiaB  beds  are  pment,  jwtaa  in  the  folded  border 

mountains  cast  and  west  of  the  Rocky  Mountains  and  the  Appalachians. 

In  the  llocky  Mountains  and  the  f  iateau  region  just  as  in  tbe  prairies  of 
Teias,  etc.,  the  carbosufanut  rocks  oredap  the  older  beds  and  almost  always  rwk 
upon  rocks  of  tbe  oambrian  age*  while  inthefaildod  BaafnBanges  antheoaeside  aad 

the  Appalachians  in  the  other  the  palaeozoic  scries  is  complete  and  concordant. 

In  all  these  cases  there  appears  to  be  a  certain  analogy  with  the  relations 
of  tbe  8alt*Bange  to  the  Himibiyaa.  It  is  indeed  inanflfasient  to  form  the  baaii 

for  farther  condosions ;  but  it  is  nerertbeless  of  importance  in  that  the  paheoioie 
series  of  the  Salt-Range  differs  so  much  in  its  incompleteness  from  that  of  the 
neighbouring  folded  region  of  the  Uimaiayas,  and  recalls  in  seyerai  respecU  that 
ofthflPtaiaiala. 
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Hoimu  NoHumi,  n.     «t  a.  ip.  w 
jf  It  »       wr«  Iflte. 

^  y  Tur.  uignsta.  BMtorad. 

„  „  Sufua  of  the  (rlohella. 

Lnrouutu  Waxhtbckt,  n.  ip.  '  (te  anlarged  7  tiUM.) 
LiMODULLA  FvcHsi,  h.  sp.— lOe.  oihigad  4k  timM,  arm  witk  dtfl  lor 

MoMMU.  OBuniufit  B.  g.  «i  n.  qpb  Sittiior  of  Ventral  vhIto. 

^  Interior  of  Vontnl  tiIvo. 

„  „  Catit  iif  Venrml  valvf. 

^  „  Exterior  of  Dorwl  vslvo. 

^  „  lataior  of  Donal  mho. 

„  Gact  a£  Doml  mlm. 

UoNHtOLi  oBJJtDLATi.,  showing  ^  hItm. 
M.  F».g««ifllAdl,edmBodlOtiiMfc 
19  and  20.   Cy!  poimti  sp. 

81.  Feaomest  with  PwinxnuKA  Waaqe-vi,  n.  g.  et  n.  ep.,  and  I'tyehoparia 

Biciitciif  h-  wf^ 
Jjj.  Pttciiopaku  RiriiTi'M,  b.  OIL 

28.  Pain.DOTiii,c;.v  Waaoesi,  b.  g.  ot  n.  op. 

M.  HTOUxnEs,  up. 

tt.  MiOKiLiw  WAim:,  Wo^aa ;  if)  Vaotnl  nlw,  (b)  Doml  »lra. 
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NOTES  ON  TBE  MOBFHOLOGT 


M  to  til*  bomology  of  the  teeth  in  the  hinge  of  bivalTes,  if  the  f^ys^tcm  as  suggested 
hy  Messrs.  Munier-Chalmas  and  Bernard  is  adopted.  As  both  differ  however  in 
some  pcMatSi  it  will  be  well  to  explain  in  detail  the  system  Bagge«ted  by  each  of  these 


Hunior-Cbalmas  has  laid  down  his  ingenioas  system  in  tWO  ahwt  notes,*  bat 
]|M  not,  at  least  as  far  as  I  know,  publisbnd  any  othnr  communications  on  the 
nibjeot;  in  Stelanesca's  paper'  however  further  notes  will  be  found,  and  thefoUow- 
ing  will  demonibrate  his  system. 

Mnnirr-Cbalmas  is  of  tho  opinion  that  the  typical  bin^o  of  tho  TTetcrodontes 
is  composed  of  six  primary  anterior,  and  six  primary  posterior  Umeilaa ;  those  of 
the  right lalYeinlerioeking  with  thoee  of  tiie  left;  he  leeiiiB,  boveTH',  to  hauro 
alteved  Us  views  with  regard  to  the  number  of  the  lamella},  and  supposes  ei^t  to 
be  the  correct  number,  but  on  what  grounds  he  arrived  at  this  conclusion  I  am 
unable  to  say.  I4ow  if  we  design  by  I,  III,  Y,  VII  (odd  numbers)  the  primary 
landla  of  the  right  valvo,  and  hy  II,  IT,  YI,  YUl  (even  nombeis)  tiiose  of  liio 
left  Talve,  the  order  of  suece^on  in  the  closed  valves,  if  the  most  ventral  lamella  k 
termed  I,  will  be  as  follows :— I,  II,  III,  IV,  V,  VI,  VII,  VIII.  The  8  antwior 
lamellte  which  are  separated  by  the  ligament  from  the  8  posterior  lamellie  give  birth 
tottoMitociorlateml  and  cardinal  teeth,  while  the  postedaroneapnidneofbo] 
]iitenIi,aB«iUtioMeniathefolkiiriitgdiagnBWfl^^       Bteliueien'a  i 


AaeaHag  to  Oii  Mbano  the  ttMOxeHcal  pelecypodian  hinge  is  composed  of 
nteethfOte, 

8  Anterior  laterals  (1a). 
16  Ottdioals  (Ca). 
8  Poatnior  btnla  (Lp). 

_  ««ISWII»rt»piihiMhl>Wffh«^Maftr»J«i  MttllMqiif,  »c<?pli»le«.  Compte-rfndn  lifl,  tTAoeti  de  It  Soc  QM. 
telRMtb  fakUI,VeiXXin,pif(LIII-LVT.  1R95 
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lowing  mamwr. 

The  ■uteiiOr  peiiiuny  hmelh  I  fomu  tlManterior bM  I«  T,  ni  tile  principal 
easdinal  tootti  Oftl. 

The  anterior  primary  hmella  III  forms  the  anterior  lateral  Lii  IIT,  and  two 
cardinal  teeth  CaSa  and  Cu'dy  arranged  in  A  shape  on  the  anterior  and  posterior 
ride*af  Oal. 

The  anlador  prim-try  lameUeY  forms  in  a  rimilar  way  the  anterior  lateral  La  Y 
and  fha  eaidinals  CaSa  and  Oafip  arranged  in  A  ahape  on  the  donal  ride  of 
CkSa  and  OaSp. 

The  anterior  primary  lamella  VII  forms  the  aatsrior  kCmt  la  TTI.  tad  the 
oardinala  OaTa  and  OalpanangediaaaiinilarimyontiiedoNalaldatofOhBaaBd 
Ca5pb 

ne  poaterior  primary  lamella  I  famt  ibe  poaterior  latefal  Lp  1. 

The  poeterior  primary  lamella  III  forms  the  posterior  lateral  Lp.  III. 
Tha  posterior  primary  lamella  V  forms  the  posterior  lateral  Lp  V, 
The  posterior  primary  lamella  YU  forms  the  posterior  lateral  Lp  YIL 
h.  Lift  vafotf. 

llbeaataeivFtnMHTlendIa  II  fenna  the  anterior  ktenl  La  II,  and  the 

two  cardinals  Ca2a  and  Ca2p  amaged  in  A  shape. 

The  anterior  primary  lamella  IT  IoRni  the  anterior  lateral  La  ZV,  and  the  cardi- 
nab  Oala  and  Ca4p,  arranged  In  A  ahapa  on  fte  doiaal  aide  of  Caia  and  Oa2p. 

The  anterior  primary  lamaUa'  TI  fimae  flie-  anterior  lateral  La  TI  and  the 
oaidinala  Cafia  and  Oa6p,  annnged  in  A  ahape  on  the  donal  aide  of  Gate  and  • 
Oa6a. 

The  anterior  primaiy  lamella  YIII  fcmna  the  anterior  lateral  La  Till,  and  the 
Cardinala  OaSa  and  Oa^  ananged  in*  A  ahape  on  the  doiaal  ride  of  Oafia  and  ' 

Ca6p. 

The  posterior  lamella  II  forms  the  posterior  lateral  Lp  IL 
The  poeterior  laoMlIa  IV  fonna  the  poaterior  latend  Lp  IV. 
The  posterior  lamella  VI  forms  the  posterior  lateral  Lp  VI. 
The  posterior  lamella  YIII  forms  the  posterior  kteral  Lp  YIII. 
lUi  Tiew  may  be  nmunad  np  ae  {bUowB  *  :-- 


Sight  Mht. 


LAI«I«I-fCaL 


Ii4  Uml»  U+Ct  ta-f  Ol.f^ 


Lk  m-La  m-t-Oa  Sa+Os  3p. 


'  The  '.erm  "  dorsal  "  woclJ  jwhsp*  b«  mor.>  appropri»U. 
To  mak*  Ui«  Mkeme  oleuei  X  iubalUate  for  the  l«tt*n  IXX 

i«iiaiaM*aiiivs»tlslMlb  mdUMowit  n»«tlT«s  1 


Ui«  uUnor  UmsLUt,  tli«  l«tUn  hX,  kad  1 
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u  vi-u  vi4>Gk  te-i-cb  l^ 

IiPI«I«L 

iiPif«ipn. 

LPXVvLpIV. 
IPVI-Lp  VI. 

LPVn-IpTII. 

LP  TlIIosLp  Tin. 

The  oomplete,  theoretic  hinge  of  a  Teleoypode  ooold  therefore  be  written  in  the 

Cft  K  C«  Sa,  Ca  2»,  Ca  1,  Ca  3p,  Ca  Bp,  Cft  if^  Qt  Si,  Cb  «!h  CH      Oft  8^-|-Iip%  If  I^If  III, 

LpIV,  Lp  V,  Lp  VI,  Lp  VII,  Lp  YIII. 

Or  in  a  more  abbreviat«d  ray — 

Jm  ;  VIII,  VII,  VI.  V,  IV,  III,  II,  I+Oi :       7i,  6.,  6.,  4^  U,  2.,  1,  ftp,  3p,  4p,  6p, 

6pk    8p+iv :  ]» n.  ni,  iv,  v,  vi,  vn,  vm. 


It  will  be  nen  that  eudineb  and  kteiak  ttre  dMnfoM  amoged  lyiniMlriaell^ 

on  both  sides  «l  tte  odd  cardinal  Ca  1. 

As  of  course  no  Pclccypod  is  known  which  exhibit*  this  complete  hinge^ 
Mumer-Cbalmas  and  Stefanescu  suggest  that  themiiwing  tooth  should  be  repreeenied 
1)f  ftObsTiiigM  espcnient  Ills  aumliev  <tf  fte  atbriagiooA.  Eor  iutiMM^  Oe 
Idsge  of  Cyrena  would  be  expressed  by  the  following  fonnnla : — 
U:0^0'"0''0'IV,  III.  II,  I^Ca«^,  of,  0^0^,0^.  Si,  tail,  Sp»  Sp^  *», 

Lp :  1,  II,  III,  IV,  O',  O",  0'«, 
or  in  a  more  abl^n  viated  manner— 
La  :  O"^  IV,  HI,  II,  I  +  Ca  :  O^,  8«,  2a,  1,  2p,  Sp,  4p,  QM>^  Lp  :  I,  U,  III,  IV,  0'""". 

The  chief  objections  against  this  formula  are  its  length,  bein^  encumbered  with 
a  lot  of  unnecessary  figures,  but  partioalarly  the  impoanbility  to  show  at  a  glance 
tin  OMBpoiilint  o(  the  hinge  Ib  each  valTe^  and  it  tha  Uage  ftmnida  <tf  O^rtm  at 
ezpreased  by  this  method  will  bo  oompaiad  iriUi  ti»t  on  page  ft  the  gnat  adfantige 
of  Bernard's  formula  is  obrious. 

The  method  followed  by  Professor  Bernard  *  awOMS  Oe  eiiitfliiMe  of  flnaa 
primary  anterior  and  poaierior  lamella  in  eadi  valre ;  tiie  anterto  lameUae  (rf  the 
right  valve,  which  are  designated  L.VI  LAIII  and  LAV,  give  birth  to  the  anterior 
laterals,  anterior  and  posterior  cardinals,  while  from  the  pobterior  lamellse,  termed 
Lpl,  ni  and  y,  the  poaterior  latenia  arise;  in  a  sfanilar  way  the  primary  lameDB 
LA.II,  LA  IV  and  LA  VI  produce  the  anterior  laterals,  anterior  and  posterior 
oaidinalsb  whila  the  poeierior  laterals  origjnate  fnmi  the  poeteriM  primaiy  lameltei 

>  Bali  U  k  1Mb  ML  it  rnaoe,  III  wet.,  t«L  23,  JSBfi,  pac*  U>*  t.t 


Digitized  by  Gopgle 


OF  THE  PELBOXFOBA.  .0 

For  tiM  Noognitunof  tiMtBeikiiillMlULgrawn vilv«tlMf«]Iowkifffebleb 

giTea :— 

Ckl 

LAI  ■iT«atnl Ulterior  Ut«nl. 
UL  lUsDgml  Mltarfor  laUnl. 
LP  I  ■V«ati*l  portwior  Utw»l. 
LV  IIIvDmnl  posterior  lat«r*l. 
ia  fbe  Ungs  «f  tta  itel  Pelecjpod  all  Om  •boTe-mentioned  elemsnta  would  be 
pNNiit.«Dd6eniafdiUiiitat«  Ua  Tinr  «f  the  dwdopmaiift «{  the  hinge  b,  tin 


CAte  «i 

CA4k  -IMamroMttML 
LAltaWbrktML 
L?IIi«] 


In  framing  tho  hinge  formula  Bernard  differs  considerably  from  the  method 
as  adopted  by  Munier-Chalmas,  by  giving  the  number  of  teeth  separately  for  each 
Tilfis  and  inserting  the  letter  L  to  demonstrate  the  poattkm  of  the  ligament ;  the 
binge  formula  of  the  genus  Cyrena  would,  Ibt  iBituoe^  be  M  followi 


aht  valve  LA  I  : 
t  valve    LA  II 


III 


LPT  : 
II 


IIL 


Ca  3a  :  1   :  8b  :\L 
Ca    2a  :  2b   :  4b|x 
BeEore  diaousaing  botb  luflioda  ft  will  be  well  to  diidl  s  Utile  od  tbe  teehmeel 

advnntages  of  each  ;  if  comparing  the  binge  formula  of  Cprena  as  written  according 
to  the  system  of  Munier^Ohalmaa  with  the  same  aocoiding  to  Bemazd's  method,  it 
wOlbeieeB  at  ■  gh»oe  tbei  the  latter  dMerrae  the  pr^fcrenee  for  its  ahorlaeia  and 
ahinw.  The  hinge  fonnteol  Ofneita,  according  to  Munier-Chalmaa'a  ayitem,  doea 
not  convey  the  idea  of  its  composition  with  the  same  clearness  ns  that  ^iccording  to 
Bernard's  system ;  in  the  latter  tbe  eye,  and  through  it  the  miad,  is  not  troubled  with 
tbe  light  of  llgaies  leiwesentiDg  teeth  whidi  are  iuni-eKiiteDl»aiid  at  tte  aaiiia  tJme 
the  existence  of  teeth  in  each  valve,  their  way  of  interlocking,  the  trilltinnn  of 
sockets  by  the  sign :  is  made  aa  clear  and  oonspiouous  as  possiblsu 

■  CmMDOiij  priaUd  LA  IL 
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At  the  same  time  it  may,  however,  be  doubted  whethw  the  introduction  of  the 
rign  L  to  denote  the  place  of  the  ligament  is  of  anj  special  valuoi  ooosidering  that 
tte  poilwtior  latanb  ai»  alwifi  lepuatod  from  tfea  oaidiiudi  bj  the  Uganient. 

I  think  thcrfiforo  that  Bernard's  system  deserves  preference,  and  I  have  adopted 
it  with  some  minor  alterations ;  I  desigoated  the  cardinal  teeth  by  the  lettnr  Ca 
iiut«ad  of  CA,  reserving  the  capital  A  for  the  primary  lamellas,  and  suhatitutiDg 
the  lattet  p  (oipoiterior)  for  b,  in  order  to  desi^ate  the  poateiiar  iii— i«r 

From  the  foregotnc:  it  will  bo  seen  that  both  Munier-Chalmas  and  Bernard  have 
based  their  system  of  terminology  on  the  development  of  the  hinge ;  it  is  therefore 
obf  iom  that  mdm  tiia  eonplete  deteikipiiMint  of  flw  hmge  to  known,  the  eonaok 
designation  of  the  elanents  of  a  hinge  from  which  the  earlier  stages  are  unknown, 
will  meet  with  oonsiderabio  difficulties.  The  homo!on;ios  of  the  hin?e  of  extinct  as 
well  as  living  species  will  therefore  be  always  doubtful,  until  by  a  series  of  develop* 
iimdIbI  itagw  tiia  trne  Tdoa  of  eaoh  tooth  hn  bean  VMOgi^^ 

Bernard  has  to  some  extent  mitigated  this  difficulty  by  applyin;^  his  terms  to  the 
old  terminolc^y,  thus  rendering  the  identification  of  the  teeth  of  a  good  many 
genera  an  easy  task,  ofw  wfthont  the  nealogic  stages  being  known;  bat  aihe  already 
lijmseU  remarked,  the  interpretation  of  some  aMmingly  limple  hinges,  like  those  of 
the  Cardiidce,  Tellinidce  and  others  is  by  no  means  easy.  Unless  it  is  proved  by 
dardopment  that,  for  iostanoe,  the  ventral  cardinal  tooth  of  Cardiwn  is  really  Ca  1 
thb  Tiew  niaj  ba  qoBatkoed  inawBnoh  as  it  nighl  ako  rapiMaat  GaSp. 

As  ezooUent  and  concise  this  method  ii,  when  there  to  no  qnvtion  of  homology, 
,the  above  is  a  very  serious  drawback,  which  can  only  he  remedied  by  diligent  re- 
gearches  of  the  derelopmeat  of  the  hinge  in  the  various  geoeta  of  Feleoypoda,  but 
the  neneb  aokmttots  have  opened  a  vast  field  of  new  veaeareh,  wUdi  to  mm 
ta  bid  to  aoaa  UgUy  toajporteafe  fewlte  with  tagacd  to  Oe  evdatioii  of 
Vdaeypoda. 

I  may  he  peentf tied  to  IndfasBtB  abeady  a  fbw  direetioitt  to  wUdi  Uenn. 
Ifonier^Ohalmas  and  Bernard's  theory  of  the  hinge  of  Bivalves  will  lead  to.  Both 
accept  the  theory  that  all  teeth  have  evolved  from  primary  lamellre,  the  number  of 
which,  whether  8  or  6,  is  of  no  great  concern.  Much  more  important  is  the  shape 
of  theee  lamaltoe,  and  donbb  may  petfaaps  be  permitted  whether  the  primary  lameUss 
had  the  shape  as  depicted  in  Munier-Chalraas's  diagram.  It  is  much  more  probable, 
in  fact  it  seems  almost  unquestionable,  according  to  the  figures  given  by  Bernard, 
that  the  primaiy  lamella  were  simple  and  plain  ridges  appearing  originally  on  the 
anterior  and  poelaftoir  rido  of  the  cardinal  margin  {vide  Bernard's  fig.  1,  page  108 ; 
fig.  4,  V^-C  115 ;  fig.  12,  paije  127).  The  posterior  primary  lamellas  remained  simple 
throoghout  the  whole  life,  and  no  case  is  known  in  which  secondary  teeth  originated 
fram  tbem,  but  wheliwr  origioally  or  only  sabsequentfy,  tbej  an  alwi^  antBrioily 
indinBd,  m  leatma  which  might  be  tenned  pfoooUne. 

The  anterior  primary  lamellae,  however,  underwent  various  changes  at  their 
poderior  end  by  thickening  and  curving,  which  eventually  lesnlted  in  the  differ* 
Mtiatioiiotthecudinalteeth;lttoiwlewor(ib7  that  in  the  differantiatBd  primaiy 


Digitized  by  Google 


OF  THE  PBLECTPODA. 


T 


lAnaeliie,  the  anterior  laterals  are  always,  and  the  anterior  cardinals  mostly  poateciorilf 
famUiMd,  «pklhoMMt  wbile  the  yterior  «<irfliiMila  an  titnyt  pmotUne, 

Leaving  out  the  question  which  of  the  primary  lamellss,  the  posterior  or  anterior, 
originated  first,  and  which  is  therefore  the  older  side,  and  considering  only  the  pri- 
mary lamellie,  Bernai^'s  figures  seem  to  demonstrate  to  a  certainty  that  at  first 
1h»mHUH»  Cardimml  waa foimed at  Am  poststknr  end  off  Uw iMtainy  hnslk mkI- 
"bj  further  growtli  (lie  poptorior  «»tJfinil  developed.  This  would  prove  that; 

(1)  the  anterior  and  posterior  lAtcfala  are  the  oldest  teeth  of  the  Biralre  shell 
and  sbonld  therefora  be  present  only  in  the  geological  oldest  spooies ; 
'   (S)  the  anterior  cardinal  was  formed  afterwards,  and  it  thewftwyoniigair  thfta 
the  laterals,  but  older  than  the  posterior  cardinal ; 

(8)  the  posterior  cardinal  was  formed  latest  and  must  thefeiote  be  considered 
w  the  joniigestof  all  teeth ;  geologioallj  eld  epedee  eoold  theiefove  have 
BO  posterior  cardinals.  * 

The  aboTe  refers  of  course  only  to  the  teeth  originating  from  one  and  the  same 
pnmary  lameUa*  bnt  as  there'  are -supposed  to  be  6  or  eren  8  primary  laiAellie,  one 
following  on  the  dorsal  dde  of  fhe  other,  the  great  question  arises  wbkli  of  these  is 
the  oldest?  A  satisfactory  answer  to  this  question  is  of  vital  importance  for  the 
oomprebension  of  the  hinge  of  the  biTalves,  and  I  will  attempt  to  answer  it,  as  far 
aa  I  am  able  to  ]adge  from  tiM  material  at  mj  dlsposiL  I  iritht  howeier,  afc  enoe 
to  say,  that  a  satisfactory  tolotion  will  only  ha  arriTed  at  bj  aotosl  obattratiim 
ef  the  development  of  the  hin^  of  heterodont  bivalves. 

I  regret  however  to  say  that,  as  far  as  it  seems  to  me,  there  exists  a  principal 
diUmenee  of  ^ew  between  Heaerk  Benaid  and  Monier-ChaliBas.  Bemaid  ilatea 
distinctly  that  Lp  IV.  or  4a  appear  on  the  dor$al  side  of  the  lamella  II,  that 
is  to  say,  after  the  formation  of  teeth  resulting  from  this  primary  lamella,  while  in 
flie  r%bt  Tab«  anaOer  lamella,  vUeli  mi^t  be  tamed  T,  deweiopa  on  flia  donal 
side  of  III.  Beniaid  ie  qvlte  dciv  bi  Udi  oiea^  ao  that  them  can  be  no  doubt  to 
his  opinion. 

The  logical  consequence  is  therefore  that  the  primary  lamella  LAI  would 
be  the  (ddestand  fhe  pirimaiy  lamella  LA  Tin  the  yonngeet  The  Mnge  ef  geologi* 

cally  old  species  would  therefore  result  from  the  development  of  acme  of  the  venfard 
bunellse,  while  it  would  necessarily  follow  that  the  hinge  of  the  geological^ 
younger  speoimau  voidd  lesnlt  from  the  development  of  Om  denal  Tanwlhi. 

This  seenu  to  be  an  nnteoable  view,  and  in  going  llltongh  the  figures  as  given 
by  Bernard  one  cannot  suppress  the  notion  that  it  is  tho  most  ventral  lamella  LA  I 
which  appears  latest,  and  not  earliest  i  we  see,  for  instance,  in  fig.  12*2  the  dorsal 
lamella  lAmfai  a  mneh  more  differentiated  state  than  the  ventnl  lameDa  LA  I, 
n  feature  which  is  still  more  emphasized  in  fig.  12-8,  and  only  when  the  dorsal 
lamella  LA  III  is  fully  developed,  the  vcntml  lamella  LAI  begins  to  differentiate. 

The  view  that  the  dorsal  primary  lameilse  are  older  than  the  ventral  ones,  is 
fufhcr  aapported  bj  fhe  fiwt  that  aU  Kvalvea  grair  m  noitml  dbaetfon,  in 
other  words,  the  ventral  portions  of  a  bivalve  shell  are  younper  than  the  dorsal  ones ; 
it  would  be  certainly  strange  if  the  opposite  took  place  with  regard  to  the  hing^ 
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were  the  rential  paite  would  be  the  older  and  the  donal  parts  the  younger,  oaei ; 
that  ii  to  Mgr»  the  Uag«  irould  grow  just  In  Um  opposite  dlnstton  le  tbe  reoisiiider 
of  the  thell. 

The  view  that  the  dorsal  primary  Ifimplltp  are  older  than  thp  ventral  ones,  finds 
a  further  very  strong  support  in  derelopment  of  the  hinge  of  J'eotunouliu  and  Area 
■I  gifw  bj  Benuvl  Umidf  t  here  tte  inofnois  of  lameBa  tdm  plaoe  «t  thAVMAnl 
bide  of  the  first  one,  and  the  more  lamellse  which  appear  rentrallj,  fhoiBOmtke 
older  ones  moTe  dorsally  and  internally  until  they  diaappear  entirely. 

Tt  m  futher  oonilder  Mtmler^OIuliDM*  diagrsm^  the  vleir  that  Hm  increaae  of 
primary  lamellte  tokoo  place  from  tbe  dorsal  side  seems  entirely  impossible,  while 
the  notion  of  an  increase  nnd  growth  from  tlic  ventral  side  meets  with  no  dilTiculty. 

Taking  erery thing  into  oousideralion,  I  am  therefore  of  the  opinion  that  the 
vntnl  ptittuj  laiDdto  «w  the  youngest*  nA  that  an  ineraaaB  of  BWBber  tdsBa 
place  on  the  rentral  and  not  on  the  dorsal  side.  Shells  having  a  hioge  resulting 
from  the  evolution  of  ventrally  situated  lamellro,  would  therefore  represent  a  modern 
type,  while  others  in  which  the  hinge  has  developed  from  the  more  dorsal  lamdlaa 
repNSSDt  a  more  archaio  type.  It  is  quite  in  harmony  with  this  view  ^t  ia  ikalla 
whore  teeth  resulting  from  the  primary  lamelltn  LAV  and  VI  are  present,  these 
latter  are  more  or  less  rudimentary ;  tbe  appearance  of  new  lamellse  on  tbe  ventral 
side  foraed  the  donal  ones  in  the  liaokgioiiiid,  oiaetly  as  hat  hsen  notioed  ha  tbe 
evolution  of  the  hinge  of  Fectunculu*  and  ^rtfs.  Tbe  teeth  resulting  from  such 
lamellsB,  if  present  at  all,  will  be  always  more  or  less  rudimmtary ;  this  is  fully 
borne  out  by  actual  observation,  as,  for  instanoe,  Oa5p  or  Ca6p  are  always 
radineDtaiy*  hat  no  fastanee  is  known  to  mo  whcse  taothan  veiy  ilranf  while  Oi  1 
is  rudimentary.  But,  on  the  other  hand,  there  is  no  reason  why  thp  more  dorsal 
teeth  should  not  be  strong  and  the  younger  ventral  ones  weak,  as  in  tho  genua 
JTirtflra,  heeanso  tbederelopmeiit  of  flio  latter  is  of  foowt  origin,  they  having  not 
bad  time  to  develop  to  full  strength. 

I  am,  unfortunately,  not  in  the  position  to  give  some  more  instancps  hut  one  to 
prove  the  above  view,  but  I  think  that  there  will  be  no  disagreement  in  the  state- 
ment that  Cordite  represents  a  geologioally  older  typo  thsa  Vemm.  Now  the 
hinge  of  Cardita  s.a.  presents  a  close  relationship  to  that  of  the  Fenerida,  but  in 
the  former  Ca  1  is  absent,  while  there  is  a  more  or  less  rudimentary  Ca6p ;  in  tbe 
majority  of  the  Veneridn  OaSp  has  entirely  disappeared.  Ca4p  has  beeoniB  man  or 
lass  rudimentary,  while  Ga  1  lias  been  strongly  dofeloped.  The  result  of  the  ahoro 
argumentation  is  therefore  the  following : — 

The  dorsal  primary  lamellae  are  older  than  tbe  ventral  ones,  and  teeth  developed 
ffou  the  fonner  are  tfmelore  older  than  those  flnm  tho  latter;  in  tsedi  heiag 
developed  from  one  and  the  same  primary  lamella,  the  anterior  laterals  are  tho 
oldest,  then  follow  tbe  anterior  oardinals,  and  tbe  latest  the  posterior  cardinals. 

If  the  above  theory  ia  correct,  we  are  to  some  extent  able  to  foretell  the  next 
ohaago  in  tbe  biTslTo  hinge;  this  would  most  probably  be  iho  ovolution  of  a  pos* 
tariwoariiBal  ten  the  priaaaiy  lamella  LA  I.  gor  Cto  pwaBPt  only  la  I  aadOa  1 
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are  difTerentiated  from  it,  bat  as  it  has  been  demooatrated  tbat  the  posterior  cardi* 
nals  develop  later  than  the  anterior  ones,  the  dianoet  aie  greatly  in  favour  of  the 
derelopmont  of  a  posterior  cardinal  Oalp,  which  would  be  interloclced  between 
Ca'ipa  fiiu!  Cri2|i/?  wliichare  already  developed  in  the  i^enus  Tapf$  where  thoy  are 
separated  by  a  pseudo-socket,  re.,  a  socket  into  which  no  tootb  lits,  while  at  the  same 
time  tlie  molhislE  oUbitiag  nieh  a  tooth  will  have  {woliaUjp  no  porterior  eaidtiiala 
of  the  higher  order  wUcb  may  have  disappoared. 

On  the  following  pages  the  results  of  the  examination  of  the  hinses  of  snme 
recent  and  mioocno  genera  are  given,  which  being  based  on  Messrs.  Municr-Chaluias 
and  Bemard'a  metlioda^  liaTe  fofwled  aoma  nmaikable  featuiM  in  tiio  derelopoMnt 

Ol  the  hinirc.   The  penora  do^'^rilifil  enn  \u>  cinssified  in  three  srroups,  viz. : 

1,  The  first  group,  including  the  genus  CardUa  and  the  family  Fenerida,  it 
diitiogaidied  bj  flie  rBdnetion  of  the  anterior  and  poiterior  latemb  irith  regard  to 
number  and  strength ;  on  the  other  hand,  the  oardinals  have  8tronr,'ly  developed 
with  res^anl  to  their  thicknes?,  though  there  is  unquestionably  a  fendeney  towarda 
the  reduction  of  number  by  resorption  of  the  posterior  cardinals  of  hijjher  order. 

I.  Tlie  nooad  gnmp  oompriaea  tiw  genua  Maetrm.  In  thiageona  jnit  tbe  re* 
verse  takes  place  as  in  the  first  group ;  *,l;p  anterior  and  posterior  laterals  are 
strongly  developed  with  regard  to  number  and  strength ;  on  the  other  hand,  tbe 
onrdinnla  are  almost  radnnentaiy  while  thdir  number  ia  greatly  reduced. 

8.  The  third  group  is  represented  by  tbe  genus  Heiocardia;  in  this  genua 
laterals  and  cardinals  are  neither  reduced  in  number  nor  has  the  stren^h  of  one 
been  increased  at  the  expense  of  the  other ;  the  peculiar  feature  is  tbat  originally 
separate  teeth,  origioatiiig  from  different  primary  lamdlae^  hare  beeome  nmalga- 
mated  and  form  eompoiite  teeth,  which  hardly  allow  their  primary  elements  tD 
be  traced.  An  originally  complex  hinge  has  therefore  become  simplified  not  by 
disappearance  of  some  of  ita  elements,  but  by  amalgamation  of  some  of  them,  a 
featnre  whieb  baa  not  been  notimd  in  aifher  of  the  two  praoeding  gnmpa. 

I  refrain  from  dwellinc^  any  further  on  this  subject,  because  my  obsen'ations 
are  too  limited,  and  further  proofs  are  required  to  decide  whether  the  above  three 
groups  of  davekpmaat  of  the  biralTo  hinge  are  miiTeraal  or  not,  but  I  wish  at 
onee  to  mf  that  I  do  not  want  to  base  any  system  on  the  above  features.  Future 
researches  may  perhaps  prove  that  they  arc  of  some  classificatory  value,  but  much 
will  have  to  be  done  to  achieve  this  end.  The  hinge  of  genera  like  Cardima,  Oath 
ZWAia,  «te.,  will  Itoifc  have  to  be  ilkMoagUj  afendied  before  aaj/MBg  delhdte  eui 
becaa 

II.— DE80SITTIVB  PAKT. 

L  GeWM :  CASDITA.  Brogftfe. 

The  genna  Cardita  ha>  bean  qpUt  up  in  a  number  of  subgenera,  which  are  chiefly 
bated  on  tbe  diffenooe  of  external  features,  aooh  as  general  outline,  onuunentatioo, 

ate.,  but  in  the  definition  of  subgenera,  the  important  character  of  the  hinire  ha? 
been  almost  disregarded.  This  is  probably  chiefly  because  of  the  absence  of  a  fixed 
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tocmiiiology  defining  tbe  varittiolii  of  ilw  bingo*  wVkeHi  aUhoagh  weU-known,  €Oald 

not  be  expressed  b;  words. 

Aooording  to  Bernard  tbe  binge  formula'  of  CarJlla  U  as  foUowa  i— 

Bight  valve  La(I)  :  I  Ca  Cia)  :  3p  :  (5p)  I  £  I  Lp o. 
LeItTdTe  La  01}  IG^     ^    :  4ff  U|Lpo. 

She  poaterior  laterals  an  llMnfoi*  wlwaj*  sbaea^  tlie  anterior  laterals,  as  well 
■■tbe  cardinals  3a  and  5p,  may  be  present,  or  absent.  It  is  quite  obvious  that 
snder  these  circumstaaoes  the  hinge  of  CardUa  aUows  for  a  good  namber  of  varia* 
tioot;  if  ail  teeth  iron  pnaeat  the  Itiiige  wmld  be  oooipoHd  of  7  taeib,  two  mBtariov 
latenik,  two  anterior  and  three  posterior  earfinbi,  bnk  it  nuj  be  mdaoed  to  S  oalj, 
viz.,  one  anterior  and  two  posterior  cardinals. 

From  a  systematic  point  of  Tiew,  such  a  variation  would  aSUai.  ■  Tast  Held  for 
the  cfeatiitt  of  new  lobfenen,  vhan  eiiditkn  tbe  obaiaoten  of  ebape  and  orna- 
mentation  are  roRsiJeral,  anil  I  have  no  doubt  that  some  well-definod  groups  or 
subgenera  can  bo  circumscribed,  but  n  ithin  these  groups,  the  Tariation  of  the  iiinge 
■hodd  be  stadiedfRNnaneYdnlioDary  p<jintof  ▼kv.eathoiwatttfnuli  an  in- 
Testii;at;07i  would  certainly  lie  most  valuable. 

The  hinge  of  Cardita  is  certainly  very  intorrsting  from  an  evolutiooary  point  of 
view,  because  of  the  absence  of  Ca  1.  As  has  been  pointed  out  before,  Ca  1  is  that 
tooth  wbieh  in  the  order  of  meceMioQ  uakee  it*  an^eeiaoee  lataat  A  hiago  wiih> 
out  Ca  1  baa  therefore  an  aaliqvaiiaa  look*  and  wanuuttbctafoia  ap^  this  teim 
to  tbe  hinge  of  CardUa, 

Bernard  has  already  drawn  attention  to  the  great  idatiooahip  of  tiie  hinges  of 
the  OarHtiB  and  Fenerida,  a  relationship  which  is  unquestionably  very  marked. 
As  this  subject  will,  however,  be  dealt  with  when  the  hinge  of  the  Veneridm  iadis- 
oussedt  it  would  be  unnecessary  to  enter  into  the  question  at  this  placa 

The  Hioeene  of  Banna  has  yielded  two  speeies  of  Cordtf a,  ais.,  OanUia  javfo* 
mariegata,  Noetl.,  belon<7ing  to  the  subgenus  Mytilioardia  and  closely  related  to  the 
livinsr  CanUhi  \  ^f<jtUicarilin'\  Tdricgota  and  Cnrdita  niquesneli,  D' Arch.,  which  cer- 
tainly, owing  to  its  entirely  ditlereui  shape  and  uruameutation,  oannot  be  included  in 
tiiis  sahgeaiu.  FfaeriiaenUe,  to  which  ttie  tfiasgolar  ■halls  of  tha  type  of  CarOUa 
niqvetnp.U  havo  been  added,  differs  by  its  binge,  and  I  leave  therefore  thi'  subf^oneric 
position  of  this  spaotes  undecided.  The  comparative  study  of  the  hiuge  of  these  two 
^leofaa  affords  a  great  interest,  paxtioahvly  when  the  hfages  of  Canit^a  {MyUlicardia) 
pntoMtisfta  and  CardUa  (i/j^/Moenfto)  variegata  are  compared  and  analfse^ 
baeausc  a  certain  Hno  of  evolution  seems  to  bo  indioatedg  wbioh  might  throw  Kmia 
light  on  the  peculiarities  of  the  hinge  of  CardUa. 

To  judge  ftaan  Beraard'e  diegnua  of  tin  hiage  of  Oardlla  imMtaiarim  of 
0'8  mm.  sice,  CaSa  was  at  that  stage  oODSidaiably  larger  than  OaSp ;  it  is  therefore 
unquestionable  that  during  the  dovelopment  of  that  species  the  relatlTc  size  of 
Gsia  and  CaSp  hare  undergone  a  perfect  change,  CaSp  being  the  larger  in  the 

*  There  sppcmn  to  b«  »  miipriat  Itt  ftt  >— k  M  girm  by  IhnMiij,  ■•  aethiag  b  atnUemd  ef  tW  pwMiii  tt 
U  III.  aad  I  inppowit  ibouM  rc«J  U  U»«ie«MJsM»1l<tt  tU  ilia[^llia«l«hl|lst»{ 

Ucftfsn  alttRd  ti«  fcnnnl^  •ooodiaflj, 
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•dvlt  itSgOh  ThA  two  miocene  tpecips,  partioularlj  CardHa  protofariegata,  haT»,  a 
comparativfly  spi^akin^^,  a  large  CaUa,  but  in  the  living,'  CardHa  rariegnta  tliis  tooth 
is  reduced  to  almost  an  imperceptible  granule.  The  same  applies  to  Ca2a  in  the 
left  Tahe,  thoagli  fbe  redaetioD  has  not  gom  to  the  same  extont  n  ia  tiie  hftnlfa. 

It  seems  tlierpfnre  tbat  in  tho  grnus  Cardita  the  nntorior  '^■■^■■'■^  tooth 
C!i3a  ff-ns  originally  larger  tban  Ca3p,  a  feature  whioh  is  well  exhibited  in  the 
nealogic  stage  of  OmrdUa  imbrieataria,  and  that  it  became  eventually  smaller  in 
life  Umh  Ca3p  as  exhibited  in  Cardita  {3fytilicardia)  protovariegata  from  the 
mioccno,  nn<l  (bat  at  last  it  became  reduced  almost  to  obliteration  in  the  liTing 
Cardita  vanegatat  while  Ca3p  became  very  large.  The  supposition  that  the  ances- 
toi*  of  CoKlUm  were  pcorided  in  the  right  vialve  with  a  lai^  aaterior  eaidinal  tooth 
Cd3a,  which  probably  exceeded  tlio  posterior  cardinal  Ca3p,  is  therefore  profed  hj 
the  ontogenic  development  of  Cardita  imbrteataria  as  well  as  by  the  comparative 
study  of  Cardita  {SlyUUeardia)  protovariegata  and  Cardita  {Mgtilicardia)  mriegata 

The  etndy  of  Bemaid^  flflfnn  fovdier  teaebee  that  otiginany  Gate  and  Oal^ 
joined  in  a  pointed  anjrlo  iindfrni^ntli  tlie  utiibi),  Ca3a  bein!»  opi^tliorlinp,  Ca3p 
pmocline ;  we  must  tbereforo  consider  this  as  the  origiaal  relative  positioQ  of  CaSa 
and  CaSp.  Now  in  comparing  the  hinges  of  tlia  thiee  apeoiea  heie  deaetihed,  it  will 
be  aeen  that  in  Cardita  viqneffieli  the  origiaal  porition  of  the  two  teeth  is  almost  re> 
tained;  in  Cardita  gubranegaia  they  s,tiil  form  a  pointed  angle,  but  CaSp  is  anter- 
iorly produced  and  Ca3a  is  no  longer  opisthocline,  but  runs  almost  perpendicular  to 
the  Tentnhdoraal  aiit ;  in  the  living  (WtKIa  9afieff9ht  tUa  featoM  b  davdoped  to 
the  extreme,  inasmuch  as  Ca3p  is  still  more  prosoclinc  while  CaSa  is  reversed,  M 
that  its  posterior  or  ventral  aide  faees  now  in  dorsal  direction  having  become  pioao* 
oline  in  fact. 

We  may  expiCMthia  also  in  the  following  way ;  in  the  left  valve  of  Cardita  the 

anterior  cardinal  Ca2a  was  originally  opisttmclini' ;  in  tlie  course  of  the  development 
its  apex  was  turned  in  anterior  direction  till  it  became  prosocline  and  at  last  almost 
horiiontal;  varioua  apedea  exhibit  of  eounediffei«nt«tagea;iatheaieaIogieitage 
of  Cardita  imhricalaria,  as  well  as  in  the  adult  stage  of  Cardita  tnquetneli,  Ca2a  ia 
opisthccline ;  in  the  adult  stage  of  Cardita  {ilytilicardia)  ntbvariegala  it  is  almost 
perpendicular,  perhaps  already  slightly  prosocline,  and  in  the  adult  stage  of  Cardita 
( JTf KMeonNe)  poriofota  isalmoBthorisontaL 

Unfortunately  noHiing  is  knnwn  about  the  tl(>Tc!opmont  of  Caf>p  ;  it  is  well 
developed  in  Cardita  viqu^ineli  and  Cardita  {3I.vtUieardia)  j»rotocariega(a,  but  it 
baa  almost  nhaolntely  disappeared  in  the  reoeot  OarMtm  (MglOtoardia)  variegata, 
A  tendency  towards  the  obliteration  of  this  toolh  ia  therafm  nnqoettioiiably 
indicated  in  the  instance  of  Mt/filirnrdia  rarieijaln. 

The  same  applies  to  the  anterior  kteruis  wiiich  always  seem  to  be  in  a  rudi« 
meatary  atate. 

may  thnrefore  conclude  that  all  species  of  the  genus  Cardita  in  which  the 
anterior  cardinal  Ca3a  of  the  right  valre  is  strongly  developed,  but  parlioolarly 
those  in  which  the  poatericff  cardinal  CaSp  is  weaker  tluui  the  anterior  one  and 
vhieh  haTB  an  <^thoolina  anterior  eatdinal  CaSa  in  the  left  valfa^  Iwar  an  avehaio 

oi 
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habitus ;  the  existence  of  the  posterior  cardiiial  OaSp,  and  probably  also  of  anterior 
laterals,  maj  strengthen  the  arohaio  ohmeter. 

Tbehiniie  of  Cardlfa  vifMiMM  oertainly  answers  to  some  degree  this  postulate, 
and  it  is  certainly  not  a  mpro  accident  ihni  shrlls  of  this  type,  that  is  (o  say,  trian- 
gular shells  with  simple,  thin,  radiating  ribs,  are  very  coouaon  in  Eocene  strata  while 
there  it  hardly  a  Uviog  relatire. 

Cardita  (Mytilicardia)  variegata  Brugi^re.  Plate  II,  Hg.  1,  la. 

a.  Sight  valve.  I 

1.  Anterior  lateral  teeth :  missing. 

2.  Cardinal  teeth. 

VevyoIoaetotheedgeoC^tatevioriiittgbinid  dUMMi  eoaleeced  to  it,  then  6 

a  rudimentary  small,  8li<,'htly  prosoclino  tooth  ;  although  its  inclination  is  reversed 
it  is  uoqaestionable  that  it  rrpresents  CaSa  though  in  an  almost  obsolete  state. 
On  its  poeterior  (ventral)  side  is  a  short  tmuvene  triangular  socket.  Behind  it 
follows  a  Lurge,  aligbtly  ourred  triangular  loofh,  broad  at  ita  base,  accuminated 
towards  its  apex,  Ca3p;  it  is  so  strondy  proswlino  that  its  anterior  side  face* 
Tentrally  and  runs  parallel  to  the  antero-posterior  axis ;  ita  posterior  or  dorsal  side 
iHMHri  a  namiber  of  iliie  tnnsrene  pHeatkma  jnafe  as  aeen  aometfagm  in  the  genaa 
ZTflio  or  Cyrena.  On  the  posterior  (dorsal)  side  of  Ca3p  tbcro  is  an  elongate  trana> 
verae  and  anteriorly  inclined  socket,  followed  by  the  strnncr  litrantcntal  nymphe; 
it  appears  as  if  there  were  indications  of  a  rudimentary  Laup,  which  become 
liowanr  aatiRly  ooalaBoed  to  tho  ligaauntal  Bjm|dieii 

3.  Foaterior  lateial  teetb  $  miidiig. 

b.  valiB€. 

1.  Anterior  lateral  teeth :  miaiuig. 

2.  Cardinal  teeth. 

Immediately  underneath  tho  umbo,  and  parallel  to  the  antero-posterior  axis,  there 
is  adiOfi,itraagttainTafaotoolliOa2a,haT{BgoiiitaaiiteriOT  a  short, 

longitudinal,  and  on  its  posterior  (ventral)  side  a  deep  triangular  socket,  which  is  fol- 
lowed by  a  very  long,  slightly  curved  and  prosocline  tooth  Ca4p,  very  finely  plicated 
on  ili  poitarior  (doml)  aidot  IIma  foUvwi  •  rudimentary  narrow  socket  and  then 
tha  ligamantal  nymphe. 

t.  Posterior  lateral  teeth :  missing. 

Xhe  hinge  formula  is  tharefora— 


Right  valve  La  0  I  Ca  (8a)  :  3p  :  ((5p) 
Left  valve   La  0  1  Ca    :  2a    :  dp  : 


Lp  0. 
Lp  O. 


£emark». — Ihe  hinge  of  Cardita  (Uytilicardia)  tariegata  is  remarkable  in 
MTeial  ngarda  which  are  of  great  interest.  Considered  as  a  whole  the  hinge  is 
diatmguiabedby  tbesmaUniuDboroCteatliatai  in  eslatenet^  llMie  betng  notmaa 
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of  anterior  Utenla:  and  though  preeent,  CaSa  and  atill  mate  so  Cafip  are  so 
extremely  radi]oaitaryfl»ttlw7  an  baidljnotioed;  in  ii^  teeUi,  OaSp 

Oa2a  and  4p,  are  conspicuous. 

Another  noteworthy  feature  are  the  trausveise  plications'  on  the  posterior 
(donal)  aide  of  0a8p  and  OaAp,  wbioh  ationgly  remind  of  aimiiar  pUoationa  in  Am 
genus  Vnio  on  Cyrma. 

The  whole  aspect  of  the  hinge,  particularly  the  rudimentary  development  of 
its  anterior  portion,  the  strange  reversed,  inclination  of  CaSa  and  Ca2a,  are 
Tary  nmarkable,  and  nppeBr  to  indicate  an  erolutioaafy  featnie^  aa  it  ia  diflloalt  to 
auppress  the  notion  that  the  tcndim  y  pxhibited  is  towards  the  dixootlon  of  a  reduc- 
tion in  the  number  of  teeth,  which  has  been  partly  achieved  by  the  eoaleeoence  of 
OaSp  with  the  figameotal  nymphe,  partly  by  the  disappearance  oE  tiM  anterior 
teeth,  which  seems  to  have  been  produced  by  the  strong  anterior  inalinaliion  of  the 
umbonal  reL^ion  :  this  inclination  is  so  strong  that  CaSa  and  Cafa  were  perfectly 
reversed,  that  is  to  say,  as  is  particularly  remarkable  in  CaSa,  instead  of  being 
opiathoeUne  aa  they  ouglit  to  be,  they  are  pvoaooline,  and  thevaf^  the  poateiior  aide 
wUbll  was  orii^inally  facing  ventrally  is  now  facins;  dorsally  and  IMtndt  In  the 
aama  way  both  Ca3p  and  Ca4p  are  extiemly  proaocline. 

Cabihta  (Mytilioardia)  protorariegata,  NoeUing.   Plate  II|  fig.  2,  2a; 

a.  Might  vaiee. 

L  Aniciior  latenl  teat]! :  miaalng. 

2.  Cardinal  teeth. 

Close  to  the  an'. prior  mar!:^in  there  is  a  lori!!!:  lamellar  tooth  Ca3a  which  is 
almost  parallel  to  the  ycntro-dorsai  axia,  perhaps  slightly  prosoclioe^  having  on  ita 
posterior  (ventral)  side  a  long  triangular  aoelcet  mnnfng  almoat  panlbl  to  it.  Tlie 
large  triangular  prosooline  tooth  OaSp  has  a  very  broad  basis ;  on  its  poatarior 
(dorsal)  side  there  is  an  elongate,  narrow  socket,  followed  by  a  lon»  lamellar  tooth 
Ca5p,  running  nearly  parallel  to  the  posterior  (dorsal)  side  of  CaSa,  and  so  strongly 
pmoioolina  that  it  ia  almoat  horiiontel,  paiaUfll  to  tin  aatBro-poaterior  axla. 
Ihaligamantal  nymphe  is  so  strong  that  it  almost  resemblea  another  poatailor 
tooth,  and  it  might  tlierofore  catiily  be  mistaken  for  Oa7p. 

3.  Posterior  lateral  teeth  missing. 

b.  X<^otrfM. 

1.  Anterior  lateral  teeth  :  niadng. 
1  OudtnalteeUi. 

Close  to  the  margin  is  a  narrow  socket  running  almost  iiarallel  to  the  vcntro- 
doraal  axis,  having  on  its  posterior  (veattalQ  aide  an  elongate  strong  tooth  Ga2a 
whiaih  ia  jnat  perceptibly  proaooline;  on  thavantial  aideof  OaSa  foUoma  Uiga 
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deep  triangular  sooket,  which  has  on  its  povterior  aid*  a  long  flih  liauQar  tooth, 
ufaroaglj  proweliae  mi  akMittoiMidag  the  apex  of  CaSa ;  thia  tooth,  Caip,  has  a 

deep,  eloii<^:ito  and  narrow  socket  on  its  dorsal  iji(le,folloW!)d  by  the allODgligUMlltal 
DjQiphe  whicli  almost  rei>etui)lf8  anotUer  posterior  cardiuiU. 

The  hinge  formula  is  tbereforo  as  follows : — 

ILiglit  valve  La.  0  I  Ca.  :  3p  :  fip  I  X  i  Lp.  o. 
Left  Tilv«  La.  O I  G«.    2a    t  «p    x  I X  |  Lp.  o. 

J?MMirit.— If  IhiB  biaf*  fbrmiria  b  omBparad  -with  tlM  genwil  foranilft  aa 

given  ;»bovL'.  it  will  sf"cn  tlint  it  cliiefly  differs  bj  the  abwnoo  of  tha  antnrinr 
bterala,  and  by  the  preseuoe  of  a  atrougly  developed  CaSa  and  Ca5p. 

Tha  obieif  faitereat  reata  howoTBr  in  a  oompaxiaoa  with  th«  raoent  OardUa 
{MftiliMrdia)  toHefjatn,  l^ken  as  a  whole,  it  will  be  seen  that  the  iiiii^coae  specifs 
OOntl^ns  one  toot))  more,  rie.,  Caop,  M' Inch  is  still  stroni;ly  developed,  but  wbioh 
has  Mtirely  disap|Joared  in  the  recent  opeciea.  It  will  f  urtlier  be  seea  tliat  CaSa, 
though  pnaenti  ia  almost  rudbnaBtarf  in  tha  leoant  apaeleB,  wWle  in  the  miMeiio 
species  it  ia  xathsr  strong. 

While  in  tha  living  species  the  apex  of  Ca9a  ia  strongly  prosoeline  and  the  tooth 
theirefore  reTeraed,  it  is  just  slightly  prosooline  in  the  miooene  apeoies ;  Ga3p  is 
therefore  not  so  strongly  prosooline  and  themlbre  O^Sa  is  not  hociaontal  aa  In 
Cardita  (2lytiiicardia)  variegatOt  but  almoat  peirpendiooUr,  and  only  alightly 
turned  proaocUne. 

G4BMT4  nqmuMU,  ITAxehiae  and  Haimew  Pbto  II»  fig.  8^  8a. 

a.  SigU  «ajs«. 

1.  Anterior  hileral  teeth. 

Close  to  the  anterior  margin  there  is  a  small  oiroular  aodfait,  having  «n  ila 
veutrni  .side  a  very  rudimentaiy  graniiJaf  paaaiMsca  Im  I* 

2.  Cardiual  teeth. 

Almost  amalgamated  to  the  anterior  margin  ia  a  strong,  bat  short  strongly 
opisthacline  tooth  OaS*.  On  Its  poaterior  (vaatml)  aide  is  a  deep  elongate  looket, 
and  behind  it  tlie  Irir^'e  triaiiguliir  tooth  Cr»3p,  having  ita  apex  riijlit  underneath 
the  umbo ;  its  anterior  side  being  posteriorly,  iU  poalefior  aide  anteriorly  inclined. 

PaiaUel  to  its  poaterior  aide  rnna  a  nanoir  elongate  aot&a^  having  on  its 
posterior  side,  amalgamated  to  the  Uganootal  nympliek  an  elongitte  tooth  Oafiik 

3.  Posterior  lateral  teeth :  miauag, 

b.  Left  calve. 

1.  Anterior  lateral  teeth. 

Ckae  to  the  anterior  margin  then  ia  amJiBWBtary  grannlar  tooth,  the  axis  of 
which  runs  almost  paiallel  to  the  aataro-poatenor  azi^  repnaaatiog  I«  U. 
i.  Cardinal  teeth. 
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Then  is  a  short,  strocglj'  opisthoclino  tooth,  Ca2a,  having  a  deep  sookel  on  it* 
anterior  doml  aide,  and  mparated  by  a  triangular  socket,  from  an  elongate 
lamellar,  strongly  prosocline  tooth  Ca4p,  which  touches  the  apos  uf  Ca2a ;  on  tb« 
dorsal  »ide  of  Ca4p  is  a  Tery  elongate  aoeket  ranniog  parallel  to  it,  and  then 
follows  the  ligameiital  rymphe. 
3.  Fosterior  lateral  teeth :  missing. 

The  liioge  formula  is  tboefoie— 

Eight  TOlve  La.  :  I  i  Ca  Sa  :  3p  :  (5p)  |  L  |  Lp.  o. 
Lsit  Talra  La.  II    i  Oa    9a    t  Ap    :  |  X  J  Lp.  o. 

JZiMMfifctw— Aaiotig  tke  spedes  here  desoribed  <krdit»  9iqim»at  baa  the 

largest  number  of  teeth,  vis.,  seven  ;  it  must,  howover,  be  remariBsd  that  thr-  laterals 
are  rudimentary  and  that  Ca&p  is  almost  amalganuU^d  to  the  ligamBotal  nynipbe. 

The  arrsBgemmt  of  the  anterior  eardiaals  is  bowoTar  of  great  intsKest ;  vbils 
ia  the  living  Cardita  {Myiilicardia)  variegata  they  were  reversed,  and  slightly 
prosocline  in  Cardita  {Mytilicardia)  aubvariegata,  they  are  strongly  opislhocliue 
in  this  species,  that  is  to  say,  they  retain  the  normal  iuuiinatioa.  The  result  is  that 
tha  aatflrior  ilda  of  QaSp  is  poctairiorly  iBoUBfld.  while  it  ia  anieiioriy  inoUmd  in 
CmrJMu  (MftUiatrdia)  ntbvaritgtUa  and  horiaontal  in  Gsrdito  (UgtUieoriia) 

Ikmily:  rgNBMtOS,  BtofioBka. 

The  large  family  of  YenaridaB  ia  djstfngaisbed  by  a  my  fdmiactaristlc  Uoge 
composed  of  3  anterior  lateral,  7  oaidinal  and  S  postarior  lataml  teeth,  aoootding 

to  the  following  formula : — 

fiigbt  valve  La.III  :  1 1  Ca.  3a  :  1    :  3p    :  (5p)  \L  1  Lp.  Ill :  I 
laftTBlTO  Ia.    II     jOa.  t  Sa  t  2p    :  4p       |-Zi  |Lp.  I 

It  is  lamariEable  that  irith  Teiy  few  exceptions  the  number  of  the  carditihl  ti  eth 
remains  constant,  and  does  not  exceed  six,  because  Caop  is  absent  in  the  majority 
of  genera;  in  a  few  Ca4p  is  also  absent  or  very  rudimentary,  and  the  number  of 
^fiHU^j^Mila  nMqr,  iheiefore,  be  reduced  to  6.  The  lateral  teeth,  uu  the  other  Land,  are 
eubjected  to  groat  variations  with  res^ardto  strength.  Fisher  has  based  a  sub-division 
of  the  family  on  this  character,  and  there  is  no  doubt  that  his  view  is  an  exceedingly 
good  one,  as  oren  in  apeoiniBna  older  than  of  tertiary  ago,  the  absenoe  or  presence  of 
lateral  teeth  may  b«  leoognised.  As  far  as  I  am  able  to  judge,  the  general  charac- 
ter of  the  hitcrals  is  very  constant,  though  in  detail  they  undergo  great  vaiiaiioDs  ;  if 
present  the  anterior  laterals  are  always  stronger  than  the  posterior  laterals,  and 
inanyoasedMaiiteriorlaterallallof  fha  left  -ndre,  the  soHsalled  lonular  tooth, 
is  always  much  stronger  than  the  laterals  La  I  and  La  HI  of  th<-  right  valve,  of 
vhioh  the  latter  appears  to  be  generally  the  weaker.  It  is  un^uesuouabie  that  the 
pieaenoe  of  tbe  large  anterior  latarsl  Ia  II  fimna  a  voty  good  diitiMtiva  faatoiv 
ti.  genera  like  OjfiUrM,  DUme,  JhaMa,  oto. 


I 


16  NOTES  ON  THE  MOKFHOLOGT 

With  regard  to  the  cardinal  trnth  n  !»onera1  plan  soems  to  be  observed  through- 
out the  family,  a  plan  irhiob,  as  far  as  my  limited  eiperieuoe  allows  to  judge  for, 
aeBms  to  1m  Iwmd  on  tba  following  scheme  :— 


In  tho  loft  Talve  there  it  always  a  composite.^ -sliaped  tooth  turning  its  apex 
in  dorsal  direction,  originating  from  the  union  of  CaJa  fnniunfi  the  nntcrior,  and 
Ca2p  the  posterior  side  ;  Calp  is  generally  very  thin,  lamellar,  mostly  amal> 
gaawted  to  the  ligamental  nymphe^  aometiiiiM  absent ;  io  faet  it  seems  aa  if  tliis 
tooth  irere  the  least  constant  eleDMot  of  the  cardinal  teetli. 

In  the  right  valve  there  afo  two  lamellar  teotb  CaSa  and  Ca  1,  in  close  proxi- 
mity,  separated  by  a  slit-like  eooket,  stretohecl  in  the  Tentro-dorsil  direction.  Be- 
hind there  is  a  large,  usually  bifid,  stronr^ly  prosodine  tooth  Ca3p,  which  frequently 
becomes  joined  to  CaSa,  thus  eucircliug  Oa  1 ;  there  may  be  also  a  rudimentary 
C&op,  but  it  is  almost  always  missing,  or,  if  present,  amalgamated  to  the  ligameatal 
nymphe. 

The  anf»le  which  these  various  elements  form  among  each  other,  their  rela- 
tive size  and  strength,  allow  for  a  large  number  of  variations,  suoh  as  compose  the 
family  of  Veoeridffi ;  a  comparative  study  of  theio  numerooB  variations  would  be 
of  B  great  value  from  a  palaaontologioal  point  of  view. 

The  great  relationship  between  the  lunges  of  the  Fenerifitr  and  Cardilir  has 
already  been  referred  to,  and  if  we  analyze  both  hinges  we  see  that  the  hinge  of  the 
OmriUla  oan  be  easily  derived  from  that  of  the  FtntridtB,  if  Oa  1  in  the  riii^ht  and 
Ca2p  in  the  loft  valve  were  to  disappear.  We  would  then  have  tlie  aarao  elements 
as  those  constituting  the  binge  of  the  Oardita»  in  particular  the  large  triangular 
posterior  oardinal  GaSp. 


Vow  as  the  whole  theory  of  the  eroIuUon  of  the  hinge  requirea  that  Oa  1  and 
OaSu  appear  after  OaSp  and  Ca4>p  had  been  formed,  we  might  assumoi  the  hinge 

of  the  Veneriil<je  has  been  derived  from  that  of  tho  Cardita  by  the  development  of 
a  poiterior  cardinal  Ca2p  out  of  the  primary  lamella  LA  II,  and  the  evolution  of 
Oft  1  out  (tf  the  primary  lamella  LA  I  whidh  had  already  pvodoced  La  I. 

The  hinge  of  the  Veneridts  presents,  therefore,  an  unquestioizably  modem 
appeanuuwb  ftod  it  would  be  inteceating  to  know  when  the  true  FtnerUm  made 
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their  first  appearance,  as  in  tho  face  of  the  •bOTO  feumdng  the  Oflonnenm  of  trw 
P'en^ridcv  in  the  middle  .lurassic  formation  may  perhaps  he  qucstioneil. 

Whether  the  Feuerida  have  evolved  from  the  Cardita,  or  whether  both  hare  a 
eommon  airaestor,  nnaiiii  an  open  qaeitioii  whi«h  might  perhaps  be  wired  by  the 
examination  of  fhe  hinge  of  tetw  Frnmidm  fram  the  hnrer  tertauy  and  eieCiMMOiu 
formstioii. 

On  the  following  pages  the  hinges  of  the  following  genera  have  been  de* 
ioribed.— 

«m  BMmiyi  ileretrlfin.f,  Fisohv. 

1.  Gmnt:  Femu,  IauhL 

t,  OcBin  t  CImmIm,  Klein, 
ti  SoUamily  :  VtHerimr,  Pisolier. 

1.  Ueoo*  :  Cglk«rta,  Lftma«k. 

S.  Owns ;  Cim,  SabDmclwr. 

8.  Qenus  :  Dione,  Orejr, 

4.  Ueau  :  Dotiaia,  Scopoli. 
«.  MhaStf :  Tapetimt,  Fitoher. 

1.  Genoa  :  Tipet,  Mp;,'erli>. 

Of  course  this  is  only  a  very  inaigaihcaut  number,  and  further  researches  are 
feqviied  before  the  Teiiatioo  of  the  hinge  of  flie  F^uriim  u  fully  known.  The 
eompaiiatirc  study  of  the  hins^os  of  theie  genera,  particularly  as  soma  miooene 
species  oould  he  oxaminod,  has,  however,  resulted  in  ^^hiib  fa|<^p;^^;ing  fnafa  yfcj^i]^ 
should  not  be  disregarded  by  Palooontologists. 


BMtaSiyt  MBBCTBICINiE,  fbdMr. 

1.  Qenus  :  VENUS,  Linn^. 

The  bingo  of  Fenui  and  allied  genera  is  readily  distinguished  from  those  ^roup* 
ing  aronnd  CfftUrta  by  the  aheenoe  of  La  II  in  the  1^  valve ;  in  fact  it  appears  as 
if  tht!  entire  abienoe  of  anterior  laterals  and  the  presence  of  rudimentaiyt  poet* 
erior  laterals  was  one  of  the  chief  disiint,'uishing  features  of  the  hinge  of  Venut; 
with  regard  to  the  cardinal  teeth,  not  only  CaSp  and  Ca2p  are  deeply  notched  aa  in 
the genoa  Oibfli«lM,hntOal  ja also de^lynotdied and ehnoathifonat^  Zam, 
however,  not  qiiiti^  sure  how  far  this  charactor  is  generic  or  specific,  as  I  had  only 
one  apeoies  for  examiuation.  If  proved  to  Im  general*  it  should  form  an  ezoeedinglf 
good  distinguisliing  character. 

The  Unge  f onmila  la  aa  foUowa 


Eisrht  valve  La.  O  I  Ca.  3a  :  1  :  3p  :  6p 
Left  valve  La.  0  1  Ca.  :  2a  :  2p    :  «p 


I  Lp.  :  (I). 
iilLp.(II). 


y«nM  vuiEraftA,  Unad.  Plata  11*  fig.  fi— oSa. 

a.  Jtighi  valve, 

I.  Anterior  lateral  teeth. 
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The  anterior  latenb  km  catifBly  dkappeanduA  no  titoaa  eu  be  diaoovend. 

S.  CBrdinal  toetb. 

Tbib  uterior  eudinal  CaSa  is  dose  totheaargbi,  itfOBK,  oompftaaed  in  Tentio- 
donal  dinetioB  and  m  tttongly  o|ifitliooliiie  that  it  ftppMii  almost  boriioiital, 

imitating  to  some  degree  tbe  Itinular  tooth  of  Cytheren,  Bione,  etc.,  which  is,  as 
must  not  be  forgotten,  invariably  in  the  left  Talve.  The  central  cardinal  tooth 
0»  1  fa  Inoad  at  the  baMb  attontiated  at  the  apex,  alnaoit  paiallel  to  the  ventio* 
dorsal  axis,  deeply  notohedi  the  posterior  portion  being  the  lower;  on  its  posterior 
(dorsal)  side  is  a  deep  socket,  and  then  follows  the  deeply  notched  Ca3p,  which 
almost  appears  like  two  teeth  joined  with  their  sides;  it  is  strongly  proso' 
oUne,  bnad  at  the  baie,  divided  into  a  ahBrtar  but  U^er  and  a  longer  bat  tower 
branch  ;  behind  it  !■  a  deep  eooket  and  then  fdlows  the  etnng  Terj  elongate  liga* 
mental  nymphe. 
%.  Foeteito  lateral  teetb. 

There  is  a  rory  mdimentaiy,  lamellar  proeooline  tooth  Lp  I,  haTing  a  daltow 
socket  on  its  dorsal  aide, 
b.  talve. 
1.  Anterior  lateral  teeth. 

The  anterior  lateral  teeth  are  miaaiag;  no  traooe  oan  be  foond. 
%.  Cardinal  teeth. 

Tbe  anterior  cardinal  OaSa  la  ttrong,  tbom-Uke,  oputbocline,  baring  a  deep 
eoeknl  oneitberHde;  Catp ie etronglf  iwoeooUne.  bnadat  ile  baa^  and  deeply 

notflihedi  the  anterior  portion  boincj  slightly  ><horter  than  the  posterior  one.  Behind 
it  ie  a  deep  aoduti  and  then  follows  close  to  the  ligamental  nymphe  and  amalgamated 
to  it(  the  long  lamellar,  itnmgly  prosooline  Oalp ;  tbe  anterior  half  of  whieb  i» 
mneh  higher  than  the  poaterior  one.  TbenfoUowe  tbedoagate  atioag  ligamental 

nympho. 

3.  I'osterior  lateral  teeth. 

Ibere  ii  only  one  mdimentary  poeterior  latenl  LpII  oC  a  low  hmeQar  ebape. 
Tbe  binge  f omnia  is  fhereffflw— 

Rig^  Talve  La.  0  Ca  3a    :  1    :  3p    :  Z  j  Lp    :  (I). 
Left  valve   La.  ()  Ca  :  2a  :  2p    :  4p  j  Z  '  Lp  (II). 

Jtemar^f.— The  hinge  of  this  speoiea  is  distinguished  by  the  complete  dis> 
appearanoe  of  tbe  anterior  latecah  and  the  baidly  pereeptible,  almoat  obiolete 

posterior  laterals.    On  the  other  hand,  a  remarkable  feature  has  developed  on  tbe 
cardinals  Ca  1,  Ca2p,  Ca3p,  'vvhirh  are  all  deeply  notched,  while  in  thei 
Cjftherea,  Dwne  and  Botinia  only  Ca3p  is  notched. 


S.  Gennet  OHAUELJEA,  Klein. 

Ibe  genu  OkmOmm  is  eouidend  by  moet  anUiotB  aa  a  leotian  of  tbe  sub- 
gerna  CiMo«^  llegeile.  I  do  not  wish  to  diaeaai  ibis  qoestini,  aa  it  is  qnite  certain 
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tint  whatsrer  the  generio  Talne  of  Ohmttma  mav  be,  the  hinge  of  the  apedM 
hen  deMcKied  diiFore  considenibly  from  that  of  the  goHU  femu. 

In  the  first  instance  it  is  distinguished  by  the  pn-sence  of  anterior  and  posterior 
lalerah  which,  though  rudimentary,  are  distinctly  discernible ;  both  anterior  and 
poitierior  lainali  are  iSaSn,  ehmgato,  and  bjr  this  oharaoter  the  nteiior  latonla  dHtev 
widely  of  those  of  the  ^enus  Cytherea  and  its  allies. 

The  oardiaal  teeth  are  the  wme  as  those  o£  ^em»,  but  Ca4p  is  less  stroBgly 
devalued,  Oa2p  and  OaSp  am  deeply  notoihed,  vhik  0*  1  ia  only  alightly  iiotched. 

The  hinge  fasmala  ia  aa  fdlowa  :— 

Right  valve  La  (III)  :  I  Ca  3a   :  1    :  8p    :  I  i  I  Lp  (I). 
LeCtralTe  La       (U}|Oa  :  2a  :  Sp    :  4p  Ixjl^  :  (U). 


CaAU£LiE4  TBUTI8,  LiNM^.   Plate  lit  fi8>  4— 4a. 

a.  Sighivin. 

"L  Anterior  latafal  teeth. 

Close  to  the  anterior  mnririn  thora  is  an  elon^'ate  but  rilmo'^t  ni  limpiitrsrr 
opisthocline  tooth,  which  tits  into  a  socket  between  two  similar  teeth  o£  the  left 
-ralrc^  and  nraat  tlKiefove  be  oonridend  aa  La  III. 
Cardinal  teeth. 

Close  to  tbo  anterior  margin  is  a  short,  strnncrly  opisthocline  tooth  CaSa,  sepa- 
rated by  a  deep  but  narrow  socket  from  Ca  1 ;  the  latter  is  broad  at  its  base,  slightly 
proaobUne  and  slightly  notehad,  followed  at  ita  dona!  (poateiior)  aide  by  a  broad 
socliet;  behind  this  is  a  large  strongly  prnsncline  tooth  Ca3p,  which  is  stroncjest 
of  all  and  slightly  biOd  ;  behind  it  is  a  narrow  shallow  socket  and  then  follows  sup- 
ported by  a  strong  nymphe  tbe  liganMnt. 
8.  Foaterior  lateral  teetb. 

Tliere  is  one  clonijate,  eurved  and  prosocline  almost  rudimentary  tooth  having 
a  shallow  socket  on  its  dorsal  side  which  must  be  considered  as  Lp  I. 

b.  eolw. 

1.  Anterior  lateral  teeth. 

There  is  one  almost  rudimentary,  elongate  and  opisthocline  anterior  lateral, 
having  a  shallow  socket  on  its  dorsal  side  which  certainly  represents  La  II. 
S.  Uaidinal  teeth. 

ClociC  to  the  margin,  hut  separated  by  a  deep  soekot  from  it  is  a  slightly  opisth- 
oelioe  short  lamellar  tooth  Ca2a,  separated  by  a  deep  but  narrow  socket  from  a 
short,  broad,  prosoeline  bifid  tooth  Ca2p,  having  on  ita  doEial  aUeavafter  Inoad  and 
long  socket,  which  is  followed  by  a  rudimentary  lamdlar,  praaooline  tooth  CaAp, 
close  to  the  strong  ligamental  nymphe. 
3.  Posterior  lateral  teetb. 

Tlian  ia  an  elongate  almoat  radiinantaiy  prosocline  joatmor  lateml  La  II, 
hoffiog  a  ahalloir  aookat  on  ita  Tantcal  aidft 

at 


so 
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The  liu^  formnla  U  therefore — 

Bight  valve  La  (III)  :  ;  Ca  3a    :  1    t  8p    :   Z  I  La  (I). 
Left  valve   La      (II)  Ca   :  2a    :  2p    :  4p  Z  ;  La  :  (II). 

Remark*, — Though  the  development  of  the  cardinal  teeth  ia  exactly  the  aame 
as  tihat  of  2Wom,  the  hinge  differs  coDsiderably  in  the  development  of  the  laterals, 

particularly  tlic  antorior  laterals  ;  the  lunnlnr  tooth  La  II  which  f<  rtji<  po  conspi- 
cuous a  feature  of  the  genus  Cylherea  or  Dione  is  entirely  absent,  and  instead  of 
iodi  a  ftroDg  tooth  there  ia  an  almoit  rodimaDtary  UtaraL 


Bnbfamflj:  VICNBBINiB.,  Fisefaer. 
S.  Geana:  OTTHEEBA,  Lamaiok. 

The  hincjf  of  Cytheren  aiid  nllicd  griiori  is  pnrticiilnrly  distinguished  by  a 
Inrge  antt^rior  lateral  La  II,  the  !>o-called  lunular  tooth  in  the  left  valve;  this  tooth 
is  generally  very  strong,  compreased  in  dom>>Tential  direetioD,  always  strongly 
opstbocline,  and  often  almost  parallel  to  the  antcro-jxtstcrior  axis,  ».«,  horizontal. 
With  regard  to  the  cardinal  teeth,  Ca2a  and  Ca'2p  of  the  left  valve  form  a  jieculiar 
composite  tooth,  tlie  posterior  portion  of  which  is  very  strong  and  thick,  while  the 
antnior  poirtioot  Oafti»  ia  thin  aad  lamellar ;  the  apex  is  nrare  or  lose  flatleaed  and 
not  pointed  as  in  Dtone. 

Unless  it  is  a  specific  feature  of  the  species  here  described,  which  I  am 
unable  to  eay  with  certainty  for  the  moment,  the  binge  of  Cytherea  differs  from 

of  all  the  other  allied  genera  by  the  ahaenee  of  Calp,  which  is  either  entirely 
twitiiig  or  sn  rudinientury  that  it  becomes  amal-jamateil  to  the  lii^nnuTital  nymphe  ; 
in  this  regard  Cytherea  resembles  closely  to  Dione  where  we  notice  a  very  rudi« 
mentary  hut  ttiU  dieoemible  Ca4p.  The  hinge  formnla  is  as  foUom : 

Right  vtlve  La  (III)  :  I  i  Ca  3a  :  1    :  3p  |  Z  Lp  (III) :  (I). 
Left  valve  La      II    |  Oa  s  Sa  t  2p    :  |  £  Lp  (II). 


CTfSBBaa  xETcnra,  favanne.  Plate  III,  Fig.  1 — la. 

a.  2<f  U  oolee. 

1.  Anterior  lateral  teeth. 

The  anterior  laterals  ere  almost  obsolete,  very  short,  knob-Iikc,  on  both  sidn  of 
a  very  deep,  elongate  aoeket ;  the  reatnl  one  La  I  ia  ft  little  longer  than  the  almost 
granular  dorsal  one  La  III»  wbiob  is  ciloaa  io  the  maigin. 

t.  Cardinal  twth. 

The  anterior  cardinal  tooth  CaSa  is  lamellar,  lather  high  and  slightly  pron- 
4^iM,  having  on  ita  poateiior  (TODtfal)  aide  a  narrov  alit-Iike  socket,  which  is 
fcUowed  hy  a  little  stronger  prosocline  tooth  Ca  1 ;  on  its  posterior  (dorsal)  Bide  is  a 
hioad  and  deep  socket;  behind  it  is  a  hiinellar,  strongly  prosocline  tooth  Cattp, 
whieb  is  the  longeit  of  all,  separated  by  a  long,  namvaoeket  from  the  ligamental 
nympha. 
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8.  Posterior  lateral  teetb. 

There  are  two  elongnte,  thin,  lamellar,  posterior  laterals  wparatpd  by  a  shallow 
B00ket»  Lp  I  and  Lp  III,  the  ktter  of  which  is  {Umost  anialgatu&t^d  with  the 
iDuigin. 

b.  l>eft  valrr. 

1.  Anterior  lateral  teetb. 

There  it  a  veiy  atnmg,  high,  elongate,  opisihadiiiB  tooth  La  II,  baring  a  deep 
■odwt  m  itodoml  and  a  lem  ixep  one  on  ito  vential  aido. 

8.  Cardinal  toctlt. 

Tke  anterior  cardinal  tooth  Ca2a  is  thin,  lamellar,  sliirhtly  prosocline,  having  on 
boih  sides  deep  almost  parallel  sockets ;  its  apex  is  amalgamated  with  the  broad, 
thick,  strongly  pratocline  Ca2p ;  thia  tooth,  which  is  the  atioogiMt  of  all  iaeth  of 
the  hinge,  is  separated  by  a  deep  farrow  from  the  ligameotal  Djmphe. 
3.  Posterior  lateral  teetb.  ' 

There  is  a  rery  dongate^  thin*  pioaoeUne  Lp  II,  having  a  aballoir  toolcet  at 
its  ventral  side. 

The  hinge  formula  is  therefore  : 


Bi|Lt  Talve  La  (III)_:  (I)  |  ^  8a   :  1    :  8p  |  Z 


Lp  (III)  :  (I). 
Lp  (II). 


;  Talve   La       II      |  Oa  :  2a  :  Sp    :  |  L 

PflHorlbt.— >Althoagh  the  hinge  contains  the  ehaiaoteriitie  luniilar  tooth  La  n 
in  a  fine  development,  it  differs  from  the  lypioal  hinge  by  a  smaller  number  of 
cardinal  teeth  in  tho  Ipft.  valve,  in  pnrticalar  by  the  absence  of  Calp;  I  am,  how- 
ever, not  quite  sure  whether  this  tooth  is  really  missing  or  whether  it  becomes  so 
entirely  amalgamated  to  tbe  ligameDfail  nympbe  at  the  full-grown  stage  that  it 
cannot  be  discerned  any  longer;  juvenile  stages  should  be  examined  to  settle  tbis 
question. 

4.  QiKUa ;  CULCB,  Schumacher. 

"With  reiprd  to  the  composition  and  arrangement  of  tbe  teeth  tbe  hin^e 
of  Circe  resembles  greatly  to  that  of  Cyiherea;  particularly  with  regard  to 
the  composite  trapesoidal  tooth  OaSa  +  Ca2p  in  the  left  valve;  in  all  tbe 
odMT  genera  here  describetl  both  teeth  are  either  separated,  or,  if  united,  tbey 
form  a  polnt<^<l  tooth,  as,  for  in'>t:ince,  in  tho  genus  Dione,  and  not  flntTcnc;!  at  tbe 
apex  as  in  Ciree  and  Vytherea.  Tbe  chief  difference  rests  in  the  presence  of  (Jalpb 
vbioh  is  rather  atronff  and  wdl  developed  in  this  geniu ;  aa  already  stated,  OaAp  is 
either  entirely  misisingin  the  genus  Cytherea  or  it  i-;  so  radimontaiy  thai  it  liaa 
Imrow*  entirely  amalgamated  to  the  ligamental  nymphe. 

The  lateral  teeth  oall  for  no  B|}eoial  remark,  aa  the  anterior  lateral  lall  ia 
strongly  developed  in  the  same  way  aa  in  Oftierta,  while  the  poaterior  laienlt  are 
TCly  rudimentary  in  both  valves. 

The  bin^e  formula  is  as  follows  : — 

Bight  valve  La  (III) :  1 1  Ca  Sa    :  1    :  ap   :  1     I  Lp  CIH) :  (I). 
LeftTalTo   La       U     Oft  t  la  :  2^  ;  4p  |X  {Lp  (11). 


NOTES  ON  THE  MO&FfiOLOQY 


OncB  ewruurau^  liirn^.  Plate  11 1,  figt,  2—23. 

1.  Antalior  lateral  tenth. 

There  are  two  anterior  laterals  La  I  and  La  III,  both  of  irhioh  are  strongly 
opisthoeKiie,  Vat  ntter  email  and  nuUtaentaiy ;  tlie  Tentsd  I«  I  le.  bowevwt  eon- 
slderably  strongw  tbuk  thfrdooil  obeolete  La  lU,  eepantod  bom.  it  1^  a  deep 

broad  socket. 

2.  Cardinal  teeth. 

She  BDterior  eudieal  tooth  OaSa  ie  veiy  email  rodimentarj,  allghtly  opistho- 

oUne  and  joined  witli  its  apes  to  Ca3p ;  Ca  1  is  sfrotie;,  rather  h'v^h  and  thorn-like, 
oompreased  in  antero^posterior  diiection,  slightlj  profioclinc,  baring  a  narrow  slit- 
like aooket  od  its  anterior  and  a  long  and  broad  socket  on  its  posterior  side ;  CaSp 
is  elongate  and  rather  strong,  prosooline,  broad  at  the  base,  attenuated  at  the  apei, 
encirclin?  to<;otbcr  with  Ca3a,  Ca  1 ;  on  its  posterior  side  IS  a  ehallOW*  but  tathev 
broad  socket  aud  behind  it  tho  ligamental  njmphe. 
8.  Posterior  lateral  teeth. 

There  are  two  alnoit  fmpereeptiUa  thin,  but  mttier  elongate^  proaooUiie 
posterior  latoraU  I«  I  and  La  III;  aepaisted  by  a  ihallow  eoeket. 
b.  L^t  valve. 

1.  Anterior  lateral  teeth* 

The  aatcsto  lateral  La  II  is  very  strong,  transrersely  elongate,  oompreiaed  in 
dorso-Tentval  direetion,  strongly  opiathodin^  liaTiiig  a  ihallow  lookeit  on  ita  ventral 

and  a  deep  one  on  ite  domlaide. 
%  Cardinal  teeth. 

The  anterior  cardinal  tooth  Ca2a  is  rather  lamellar,  slightly  proaooline ;  ite  apex 
is  strongly  turned  backwards  and  joined  to  CaSp,  there  is  a  narrow  socket  on  ite 
anterior  (dorsal)  and  a  deep  socket  on  its  posterior  (vfnfrnl)  side.  Ca'Zp  is  very 
strong  and  broad,  rather  high,  and  strongly  prosociine,  forming  with  Ca2a  a 
peeoliar  A  shaped  oomposite  tooth ;  on  itepoeterior  side  is  a  deep  and  broad  eoeket, 
and  then  follows  the  elongate  but  rather  thin  and  strongly  prosodina  tooth  Oaip, 
which  is  well  separated  by  a  furrow  fram  the  ligamental  nymphe. 

8.  Podterior  lateral  teeth. 

There  is  a  verr  rudimentary  bat  Tather  kmg  oorved,  jfraaodins  postecbw  lateral 
Lall  haviii!;  -i  sbn:!  nr  socket  on  either  side* 

The  liinju  fnrraulais  therefore  as  follows: — 

Kight  valve  La  (III)  :  1 1  Ca.  SiTT  1  :^p  :  1  £  I  Lp  (I)  :  {111). 
Left  valve  La      II    iOiu  '  :  4pU|Lp  (II). 

6.  Geniia:  DIOKB,  Gray. 

"Bf  nust  aathon  J) joM  boa  not  been  oonaidered  at  a  fall  gcnns  bat  as  a  sab- 
ganoi  of  Cfftherw  only ;  whatever  viaw  one  ia  iociined  to  tak^  it  nuMt  be  admitted 
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that  fhoagl  fhett  ik  a  il^t  linillarity  in  fhe  em 

to  exist  certain  features  hf  vUoh  tba  h&lfB  ti  JHtm*  tta^  ba  MkUfy  dbtfOgl^bM 
from  that  of  Cytherea, 

Hie  oomporite  tootii  Oa  Sa  +  Oa  2p  in  the  l«ft  Hive  appean  to  iMTb  ilivayi 

a  pointed  apex,  not  flattened  fika  tte  genera  Cytherea  or  C<rc«,  and  if  I  am  not  vflly 
much  mistaken  its  anterior  component  Ca2a  is  generally  opistliocline  in  this  genus, 
while  it  is  apparenUy  generally  prosooline in  CythereatMA  Circe;  if  this  observation 
dMMild  prove  to  be  ooneet,  it  woald  fofin  a  good  ebaiaeteiittio  and  diatiniotlTB 

feature  of  the  f^enus  Dinnn. 

The  posterior  cardinal  Ca^p  may  lie  present,  or  almost  amalgamated  to  the 
ligameatal  nymphe ;  it  still  presenres,  faowerer,  ito  indEndMlfly,  and  &  fliis  regard 
diflenfmm  the  gannt  Of(k9H$h  whan  it  i«  «therentira^  miidng  oOreiy  nidiBsnt- 

The  binge  formula  is  as  foUowa 

Bight  ralvo  La.  (HI)  :  1 1  Ca.  8iir7T~i~8p    :  I  X  i  Lp  (III)  :  L 
Lelt-falTB  La.     :II  :lCa.  t      :  2p  :  «p|jt|Li>  IL 

Dunn  nuimiiAiHiiit  Hani.  Plato  III*  fig.  8— Si. 

a.  BigUttilte. 

1.  Anterior  lateral  teeth. 

There  arc  two  opisthodine,  short,  gianxilar  teeth  on  either  side  of  a  deep,  elongate 
•oekflt,  the  'vmntaal  tooth  Lai  is  socneivliat  larger  than  tha  minnto  d<anl  om  1m  JXL, 
which  it  eloea  to  the  maigiii* 

S.  Cardinal  tseth. 

The  anterior  cardinal  tooth  Ca3a  is  shorty  very  thin,  lamellar,  Fli^htly  opisfho- 
dine  and  juned  with  its  apex  to  Ca3p ;  separated  by  a  sUt'like  narrow  socket  \&  a 
•omewhat  larger  and  slightly  proeodlne  Oa  1,  inaide  file  angle  formed  by  CaSa 
and  OaSp.  On  the  posterior  (dorsal)  side  of  CaSa  is  a  deep  socket,  and  behind 

it  follows  n  larsre,  elongate  arid  strongly  prosodine  bifid  tooth  Ca8p;  Mpaiated 

by  a  deep  funow  fiusu  tlic  ligameutal  nymphe. 

8.  Foeterior  lateral  teeth. 

There  are  two  very  thin,  long,  lamellar  poitariov  laterals  Lp  I  and  Lp  III, 
carved  and  rtmnglj  pnMoalinib  acpaiated  bj  a  ahallow  Miaket. 

b.  L^t  valve. 

%,  Anterior  lateral  teeth. 

There  is  a  strong,  high,  opisthoclino,  elongate  anterior  lateral  La  II*  having  a 
deep  socket  on  its  dorsal  and  a  shallow  one  at  its  ventral  side. 

2.  Cardinal  teeth. 

Ike  anterior  eardhud  tooth  OaSa  ia  thin,  lamellar,  opietbopline  and  joined 
vlfliitaapeKtoCB2p;  cm  both  tides  the  aateiiw  and  poateEint  one'  of  Oala  then 
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wn  dfl8p  tookeii ;  OkSp  is  very  strong,  broad  at  its  base,  aocumlnated  at  its  apex 
and  strongly  prosooline ;  together  with  Ca2a  it  forms  an  ansymmetrioal,  a  shaped 
tooth  the  apex  of  which  ia  anteriorly  inclined.  Behind  Oa2p  is  a  long,  narroir 
and  deep  aodkat,  on  (he  dmal  lida  of  vhkdL  ihace  is  a  ewtedpiosoeluiAi  fhin 
elongate  tooth  Ca4p,  close  to  the  ligamoital  nynpbo. 
8.  Posterior  lateral  teeth. 

Theie  is  an  elongate,  thin,  curved  and  prosocline  tooth  Lall,  having  a 
ihalkiir  todcel  on  its  Tantnl  tido. 

The  Unge  f onnnli  ii  tlioNfoio : 

Risht  valve  La.  (Ill)  :  I !  Ca.  8a    :  1    :  3p    :  I  i  1  Lp.  (Ill)  :  (I). 
Left  valve  :  II  :  j  Oa.  :  3a  :  ap  :  4p  I X  1  Lp.      (II)  : 

2MMWfe.— The  above  fonnnla  woold  repwwmt  the  genacBl  fonuola  of  the 

genus  Cytherea  with  regard  to  the  number  and  the  arrangement  of  the  cardinal  teeth ; 
it  differs,  however,  with  regard  to  the  posterior  laterals,  of  which  there  are  a  laiger 
number,  tboogh  in  nidiaiBDlaiy  itetau 

Dnxn  PBOionouFmuAvii,  KoeUing.  Flaie  11^  llg.  4— ia. 

a.  X^MvofM. 

1.  Anterior  latenlteetli. 

The  anterior  laterals  are  rery  reduced  \n  size  ;  they  are  on  either  side  of  a 
deep,  transversely  elongate  eooket ;  the  ventral  one  La  1  being  the  laiger,  the  doraal 
one  La  III  maoh  snaaller  and  ekMe  to  tto  anterior  maitguL 
S.  (^idinel  teeth. 

The  anterior  cardinal  tooth  CaSa  is  thin,  lamellar,  rather  longsr  than  Ga  1  aad 

slightly  prosocline;  it  is  separated  by  a  thin  slit-like  •^oeket  on  its  posterior 
(ventral)  aide  from  a  smaller  thin  lamellar  Ca  1,  which  is  just  perceptibly  prosocline ; 
on  its  doMsl  side  is  a  broad  aad  deep  soekat  hehlod  iriiieh  then  is  a  stnmg  poste< 
rieroardinal  GaSp;  it  is  broad  at  its  haae,  attenuated  towards  the  apa^  atiooglj 
profiocline,  the  apex  just  touching  Ca2a,  and  deeply  bifid,  a  deep  farrow  separata 
it  from  the  strong  ligamental  nymphe. 

3.  rostcrior  lateral  teeth. 

There  are  two  thin,  elongate,  prosocline  posterior  laterals  Lp  I  and  Lp  lU 
aepaiatsd  hy  a  hmg  alit-like  aooket. 

h.  L^twUvt. 

1.  Anterior  lateral  teeUu 

There  is  only  one  anterior  lateral  La  II,  whi<  !i  k  t^lightly  opisthodine  aad 
almost  horizontal ;  it  is  strong,  high,  fiansTarselj  elongate^  having  a  deep  aoeket 
on  its  dorsal  aide. 
S.  Ondinal  teeth. 
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The  antoior  caTtUnal  OaSa  fa  thiii,  hndln  and  iliglitly  prosoeliiiek  having  on 

either  side  a  deep  socket ;  its  apex  is  joined  to  Ca2p ;  Ca2p  is  broad  at  tbs  bowt 
attenuated  towards  the  apex,  and  so  strongly  prosoclino  that  it  lies  almost 
horisontally ;  together  with  Oa2a  it  forms  an  nnsymmetrical  A  shaped  tooth,  the 
apex  of  wlrieh  b  alightly  anteriorly  produced.  On  the  donal  aide  at  OaUp  is  ft  deep» 

broad  soclcr't,  and  behind  it,  almost  entirely  amalgainated  to  the  ligamental 
nympbe,  an  elongate  lamellar  tooth  Ca^p,  which  is  car?ed  and  strongly  prosodine. 

3.  Posterior  lateral  tooth. 

There  is  only  a  very  rudimentary  elongate  posterior  lateral  La  II  having  a 
shallov  socket  on  its  TentEal  side. 

The  Unge  fonnahi  u«  thenfora,  aafoUoin ; 

Bight  valve  La.  (Ill)  :  I  Ca.  3a    :  1    :  3p    :  ,  -C  ]  Lp  (III)_^  (I) 
Left  valve   La.     :  II  ~ 


Ca.  ;Jaj  2p   :4pli;[Lp  (11) 

Jt«iMfte.— Bram  the  above  description  it  will  ba  Men  that  the  hinge  of  the 

miocene  species  equals  in  all  its  chief  constitiipntg  to  tliat  of  the  recent  Dione 
phitifipinaram ;  in  fact  it  is  only  on  very  close  observation  that  some  difierenoea 
eu  be  discovered,  which  however  appear  to  he  Imntaterial.    The  Imtolar 

1 1ft  II  is  apparently  more  horizontal  in  tho  miocene;  than  in  the  recent 
^aod  its  distanc-o  from  Ca2^  h  greater  in  tho  former  than  in  the  latter;  Ca2a 
bapfamntly  slightly  prosoclme  in  the  fossil,  and  strongij  opisthociine  in  the  recent 
apeeies;  in  l>hiie  pr^Ut^pkuirmn  the  apaz  of  the  A  ahaped  tooth  ia  therefom 

slightly  irioro  drawn  in  anterior  direction  than  in  Bionfi  phiUpptnaruin  ;  and  while 
in  the  former  Ca3p  is  deeply  bifida  this  feature  is  just  indicated  in  the  living 
apedea. 

OnniB  jmAKAinamn^  VoeUiog;  Hata  ni;  fig.  8. 

No  right  vaWe  of  this  species  being  known,  the  liinge  rharaeters  could  be  only 
conjeotur^  from  an  impiession  of  the  hinge  of  the  left  valve ;  as  this,  however,  is 
insufficient  for  the  fbwr  atndy  of  details,  partiotiUrly  with  legaid  to  a  oomparison 
with  other  apedee»  I  reCrain  fkom  any  forthv  oonolniionib  and  I  oftn  onl^  ^ve  the 

description  in  general  ontlinefc 

1.  Anterior  lateral  teeth. 

There  are  probably  two  rudimentary  anterior  laterals.  La  I  and  La  III,  the 
latter  being  the  aaalter. 
8.  Cardinal  teeth. 

There  is  a  thin,  lamellar  anterior  cardinal  CaSa,  whioh  was  prohahly  slightly 
opistbocliuo  -,  Ca  1  waB  prohahly  similar  in  shape  to  the  focinacbat  slightly  smaller  ; 
Ca3p  is  the  largest,  and  strongly  prosocline. 
3.  PostHiorlilKaltMHi. 


NOIBB  QM  fHB  UOBIHOLOOT 


TluKe  wenpiabdUy  two  pMlanar  btmb  Lp  I  iBdl^IIIibolb  «f  whieh  vera 

certrkinly  eloBgilC!i  Imdtar  liui  tUo. 

b.  J-e/t  calve. 

L  Anterior  lateral  teeth* 

Hbtn  it  *  tnaavenety  elongate,  xtHiar  TCntKhdamlfy  oompwifted 
anterior  latoral  tooth  La  II,  which  is  Btrooglj  opifiiliodliDe  and  ahncwt  lioili«>iif»l» 

harini^  a  deep  socket  <m,  ito  don&l  ttds. 

2.  Cardinal  toeth. 

The  antwior  card  inal  tooth  Ca2a  iii  thin,  lamellar,  slightly  curved  and  opis- 
thoeliM^  lisfiiig  •  dMpMwIut  «tiite  «itwkNra&dpoBtflirioraid«;atthe>paKitia 
joined  to  Ca2p.  This  tooth  is  broad  at  its  base,  attpnmtpd  at  its  apex,  strongly 
prosocline,  and  joined  to  Ca2a,  forming  an  uniymmctrical  A  shaped  tooth,  the  apx 
of  which  is  strongly  drawn  in  antoiioK  disBotiou ;  behind  it  Is  a  daept  broad  socket, 
whioh  it  liaiUoii«d  by  an  akngate^  eomd  and  atrang:^  pmaodiiiB  tooih  (Mp,  which 
is  almost  amalgamated  to  the  Kgamental  nymphe. 

8.  Posterior  lat^^ral  topth. 

There  is  only  a  rudimentary,  elongate,  cuired  posterior  hiteral  La  IL 
Hm  UBge  fbnmda  vt.  tbenfore^  aaMlvwa 

Sight  valve  La.  (UI) :  I  I  Oa.  8a  t  1    :  8p      I  2'  ,  Lp  (III)  :  L 
LaftTalTB  La.      U  s|Oa.  :  2bj^  :  4p|x|Lp  (Q). 

Smarit$.—1!h»  omnpoaHlon  of  the  Uaga  ia  asacQy  tta  mhw  aa  that  of  J)Am# 

$ubphilippinaram,  but  all  tbo  elemonts  are  stronger,  inolined  in  •wtfrfay  dinotion, 
partioiilarly  the  composite  tooth  Ca2a  +  Ga2p. 

DiovB  a3(TesAix>xo»,  Noetliog.   Plate  HI,  fig.  6. 

a.  Bight  valve. 

As  only  the  left  valve  ia  known,  the  hinge  of  the  right  valve  had  to  be  oon. 
ahrnotadftomaeastof  that  of  Am  left  lines  itaoonpoatthAoaii,thexef^  only  be 
aaeailaliiad  in  a  gmeral  maaviiw. 

1.  Anterior  bteral  teeth. 

Thexe  aro  apparently  two  anterior  latenla  LbI  and  IIIi  both  of  which  an 
ffobably  amaU,  Ia  III  aLoBcst  nidimentaiy 

9.  Cardinal  teeth. 

The  anterior  cardinal  Ca3a  was  probably  lampllar,  tbin,  and  slightly  prosocline, 
having  a  slit-like  socket  on  its  posterior  (ventral)  side ;  Ca  1  was  similar  in  shape 
to  the  fdmer,  almost  parallel  to  it,  and  thoraf on  slightly  prosoeline ;  behind 
it  iaa  deep  socket,  and  then  follows  a  large,  strongly  prosocline  Ca3p,  of  whieh 
it  is  impossible  to  say  whether  it  was  laM  or  not ;  in  all  probability  this 
ijbe  case. 
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PortBrimlatenltBoih. 
It  is  rerj  probable  tbat  tluM  «xUitfld  two  don^st^  but  rodiimiituy  poifeeiior 
latenls  Lp  I  and  Lp  IIL 

b.  Left  valve. 

1,  Afltorior  lateral  teeth. 

There  ia  a  strong,  veatro-dorsally  coinpre«sed,  transTeraely  elongate  anterior 
litenl  I*  n  iHuoli  ii  ao  ibODgly  opufhaoliM  fbat  it  lie*  atmoat  IwffiwBtal;  on 
iti  donal  aide  ia  a  deep  aodkBt 

2.  Cardinal  twtb. 

The  anterior  cardinal  tooth  C.i2a  is  very  thin,  lamellar,  strongly  proflocline, 
with  a  deep  socket  at  either  side  ;  its  apex  is  joined  to  Ca2p ;  this  tooth  is  very 
itraaig  and  bnad  at  tiie  base,  attennalad  towards  the  apefz,  strongly  prosocline, 
forming  with  Ca2:i,  a  A  shaped  iinsym metrical  tooth  the  npex  of  which  is  strongly 
drawn  in  anterior  direotion.  Behind  it  is  a  deep,  broad  »ocket,  and  then  follows 
tlie  Iaiiidlar»  ekngate  and  atrongly  ooired  aad  pfoaodiiie  Calp,  whidi  u  alnuwt 
amalgamated  to  tlie  ligamaotal  nympho. 
8.  Foaterior  lateral  teeth. 

There  i«i  a  rudimentary  elongate,  ourred  aod  pffMOOlilie  poeteiior  latanal  Ia  II, 
having  a  shallow  socket  at  its  Tentral  sido. 

The  hinge  formula  is,  fberefme,  aa  foUowa : — 

Kigbt  valve  La.  (lU)  :  Ii  Ca.  3a  :  1  :  3p  :  |  X  i  Lp  (lU)  :  (I). 
Left  valve  La.      II  :|0a.  :  te^^  t  4tp\Z\Lp  (II): 

Bemarki. — The  hinge  formula  differs  in  no  way  from  that  of  the  other 
species  with  regard  to  its  elements  and  number  of  teeth ;  Ca2p  seems,  however,  much 
atronger  than  the  aimilar  tooth  of  the  othflr  apeoiaai,  wUle  Oa8a  appean  nraeh  taan 
curved ;  the  general  appearance  of  the  composite  tooth  Ca3a :  +  Ca2p  diffen 
therefore  somewhat  from  that  ofotboT  speoiM^partioakuriy  because  both  ita  oonstita* 
ents  form  a  larger  angle* 


Genaa :  DOSIHIA,  SoopolL 

Owing  to  rather  insuffioient  material  I  am  unable  to  Ax  irith  aoouraoy  the 
diflcraneea  which  distinguish  the  hinge  of  this  genua  from  those  of  the  preoediag 
genera;  the  binge  of  the  only  species  here  described  is  readily  enough  dlatin- 
gidBbed,  but  I  am  unable  to  say  how  far  the  diSerenoes  are  specific  or  not. 

It  appeara,  hoirafei^  that  a  efaief  fteton  are  the  veqr  mJimentaij  antarior 
laterals  in  the  right  valve,  the  deeply  notched  poaterior  oardmal  OaSa^  lAioh  ooi* 
Bosta  it  with  the  genflca  Fffiita  and  Ckamet^ 

B  i 


SB  KOTEB  ON  THE  HOErHOLOfiT 

Tlie  liin^  foamda  k  as  fcllowi 

Sight  Talve  La.  (Ill) :  I  j  Co.  3a    :  1    :  3p  :       L\  Lp.  (Ill)  :  L 
LaltTslTB  La.      U  I  Ca.  :  3a^  s^P(P)  i^ll'P-  (O). 

JkaxtL  raoTonJTniLn,  Noetlias.  Plata  III,  fig.  7. 

a.  Bight  ftalte. 

1.  Anterior  lateral  teeth. 

Both  anterior  laterals  La  I  and  La  III  are  of  the  same  sisCt  very  nidimentaiyt 
giannlar,  strongly  opistbocline  and  separated  bj  a  short  shallow  aoekei. 

S.  Cardinal  teeth. 

Hm  anterior  oaidinal  toodi  Oaia  is  doae  to  the  anterior  niai|^,  thin,  lamellar 

and  strongly  opistbocline  ;  it  is  separated  hy  a  narrow  slit-likc  socket  from  Ca  1 ; 
this  tooth  is  similar  in  shape  to  Ca3a,  but  a  little  smaller  and  almost  parallel  to  it ; 
on  it«  posterior  side  is  a  deep  socket,  vhidl  is  followed  by  a  strong  elongate,  bifid 
tooth  enrved  and  pnBodbM;behindit  is  a  nanoir  funow  sepnating  it  firam  the 
ligamental  nymphe. 

S.  Bostarior  lateral  teeth. 

There  are  two  thin  lamellar  post«>rior  laterals  Lpl  and  LpIII,  separated  by  tather 
a  deep  socket ;  both  are  rather  long,  and  strongly  prosoollne. 

b.  valve. 

No  left  TalTo  ia  known,  but  f mn  an  iinpreition  of  Uto  hinge  of  the  right  valTe 
its  ganatal  oompoaition  oan  he  jodgad  with  aomo  aaoaoMqr. 

1.  Anterior  lateral  teeth. 

There  ia  only  on(»  lateral  tooth  Ln  11  close  fo  flic  anterior  margin,  most  prob- 
ably it  was  very  small  but  still  stronger  than  the  teeth  of  the  right  Talve,  oom* 
jnessed  in  dmo-v«ntnl  dinetion  and  oj^sthoeUne. 

S.  Oaidinal  teeth. 

The  anterior  oaxdinal  tooth  Cala  most  have  been  Twy  thin,  tamsikr  and 

opisthocline,  havinsj  a  deep  socket  on  either  side  ;  it  is  very  prohahlo  that  it  was 
joined  with  its  apex  to  Ca2p  ;  this  tooth  was  apparently  rather  strong,  broad  at  the 
baa^  atiennated  towards  the  apex,  and  strongly  prosocline,  forming  most  probably 
a  A  abaped  nnsynunotrioal  tooth  with  Ca2a,  the  apex  of  which  was  not  anteriorly 
drawn ;  on  the  dorsal  side  of  Ca 2 [)  wns  a  deep  socket  and  beliind  probably  a  thin, 
elongate  and  lamellar  Calp,  which  was  curved  and  strongly  prosocline,  rudimentary 
and  almost  amalgamated  to  the  ligamental  nymphe. 

S.  Pteterior  htaial  teeth. 

There  was  probably  only  a  sin^  posterior  lateral  JjfUiA  thin  ehmgate  shape, 
enrred  and  stnogly  prasoeliaOi 
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Tbe  lllDgiB  foffmiilB  b  therefore  — 

BigbtnaveLa.  (Ill)  :  I|Oa.ta  :  1  :  8p  :  I  £  iLp.  (Ill) :  (I). 
LeftT&lre  Lt.      U    jOft.  :  2a  :  2p   :  (4p)|£jLp.  (II). 

Bemarkt, — ^Tbe  abora  hinge  represents  the  true  lunge  oC  FeiuriiUB,  and  is 

cWefly  distinguished  from  that  of  Dioue  or  Cvlherea  by  a  very  weat  Lall,  nnd 
by  the  oloeely  set  parallel  CaSa  and  Ca  I  which  appear  to  be  almost  parallel  to  the 
TontKhdoriBl  azia. 

BnbluDily:  TAEBUNJB.  Sbobw. 
7.  Guum:  tapes*  Megede. 
IheUngBOf  Tapea  affords  an  excoedin^ly  crood  illustration  of  tbe  evmtlttl 
defdopmeDt  of  tbe  deeplj  nptohed  cardinals ;  we  Iiave  seen  that  in  the  ganua 
Ohmmdma  fbe  two  cardinala  Oa2p  and  Ca8p  were  deeply  sotehed,  while  juat  an 
indication  of  a  notcli  was  noticeable  on  Ca  1 ;  in  the  genns  Venus  this  tooth  waa 
also  deeply  notched,  Ca2p  and  Ca3p  being  notclied  as  in  Ckamelcea,  but  in  Tapet 
the  notching  has  been  carried  to  such  an  extent  tiiat  Ca3p,  but  particularly  Ca2p, 
afbid  the  appeannoe  of  two  aeiniate  taelh ;  the  apipeaianoe  cdF  both  nlTea,  in 
spcoial  that  of  the  left  valve,  where  Ca2p  is  divided  into  two  branches  separated 
by  a  broad  and  deep  socket,  might  lead  one  to  believe  that  the  hinge  consisted  of 
4  cardinaU  inalead  of  8,  hat  on  closer  examination  it  will  be  seen  that  the  sockets 
wbteh  divUe  OaSp  and  OaSp  aia  paeiidi>>aook0ts  only,  there  being  no  tooth  in  the 
opposite  valve  to  be  fitted  into  them.  On  the  other  hand,  tin's  feature  affords  a 
Talaable  hint  as  to  tbe  further  evolution  of  the  hinge  of  the  bivalves;  if  ever  a 
Oalp  ahoold  develop  from  the  piimaiy  lemella  LA  ^  thia  tooth  trould  eertaudy 
be  interlocked  between  the  two  bmnehee  GaSp»  and  OaSpjS  <rf  the  poaterior 
eardinal  Ca'Jp. 

Tbe  anterior  laterals  are  entirely  missing  and  the  posterior  laterals  are  so 
eztieniely  rudimaDteiy  Oat  I^Me  baldly  obaervable;  on  the  whole  the  hinge  of 
Tapes  is  closer  related.  That  oC  Fenee  and  to  that  of  ita  allied  ^enan;  the  hinge 
formula  is  as  follows : — 

3pa  ~ 

Bight  Wklve  La  0  I  Ca.  3a    :  1  T^pTX^I  La.    :  (1). 
ItfltTeiTa  IaOIOb.  :  2a^  2p    ;  |  J  | Ia>  (II). 

2pa-i-a|y8 

Tavm  AMraasa,  Unne  Plate  H,  lig.  6-4ia. 

«.  Mght  valve. 

1.  Antefiot  lateral  teeth. 

No  trace  ooold  be  diaooTeied  d  the  aniedar  lateralis  whioh  an  thenlow 

missing. 

2.  Ottdfiial  teeth. 


so 
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The  anterior  cardinal  CaSa  ia  rather  short,  thin,  lamellar,  oompr«!8ed  in 
antao*p08terinr  direction,  just  perceptibly  opUtbocline ;  on  its  postrrior  (ventral) 
lide  il  adeep  but  narrow  socket  and  behind  itCt^  1;  this  tooth  is  slightly  prosocliae, 
lamdlar,  eompmaed  in  aDteN-piMtarknr  diicetioiD,  and  deeply  notebed ;  beUnd  it  ia 
a  broad  and  deep  socket,  and  then  follows  tie  elongate  lamellar  and  strongly  proso- 
oline  tooth  Ga3p,  which  is  divided  by  a  deep  but  narrow  pseudo-docket  into  two 
branobei  CtZf  aad  Ca8p^,  the  latter  of  wbidt  it  slightly  lower  but  aoiinBwiia.t 
longer  than  the  former,  and  aepaiated  bj  a  deep  but  narrow  fonow  bom  tbe 
strou;^  elongate  ligamental  ajlliplie* 
3.  I'osterior  lateral  teeth. 

Tbeie  it  one  exoeediagil^  tidn  bet  elongate  pioiodine  xldge  behind  the  lig^ 
ment,  which  is  so  rudimentary  that  it  can  hardly  1)e  cnnsidcrod  as  atOOUltbat 
having  a  shallow  socket  on  ita  donal  side  it  repreaents  obvioosly  La  L 
b.  L^t  calve. 
1.  Aakakt  lateial  teeth. 

No  trace  ooald  be  diaeofeied  of  the  aateiior  lateral^  wbidi  am  flieralon 
missing. 

S.  Oacdinal  teeth. 

The  anterior  cardinal  Oa2a  is  short,  thin,  compressed  in  antero-poaterior 
direction,  slightly  opisthoelino,  having;  a  df*p  socket  on  either  side ;  then  follows  a 
thin,  lamellar  prosocline  tooth  and  separated  by  a  broad  and  deep  pseudo>sooket 
another  nmilar  but  eomewhat  laiger  tooUi;  at  the  flnt  iaataaee  one  might  be  led 
to  believe  that  the  anterior  tooth  represents  Ca2p  and  the  posterior  one  Ca4p,  but 
if  both  valvea  are  closed  it  will  be  seen  that  no  tooth  interlock!  between  them,  but 
that»  on  the  other  hand,  lotb  aie  laterloeked  between  Oa  1  and  OaSa ;  both  teeth 
xepment,  therefore,  Ca2p,  and  the  branches  might  be  distinguished  as  Ca2pa  and 
Ca2p/3.  Beliind  it  follows  a  deep  socket  and  on  the  dorsal  side  of  this,  and  ahno>t 
amalgamated  to  tbe  ligamental  socket,  is  the  rudimentary,  strongly  prosocline 

8.  IMeiior  lateral  teeth. 

There  is  a  thin  proaceline  elongate  xidge  close  to  tbe  maigin  which  may  be 
ooDsidered  as  Lp  II. 

The  hinge  formola  ii  thentoe: 

Spa  -5-  3pj8 

Higbt  valve  La.  O  1  Ca  3a    :  1    :  3p  i  X  |  Lp.    :  (I). 
Leftvahe  La.O|Oa  :  Sa^^^^p^:  |i  |Lp.<n). 

apa-i-ip|8 


Oenna  CYAENA,  Lamaick. 
Aeeozding  to  Bemaid  the  hinge  foannlaat  thu  gsnoa  i 


Hight  valve  Ia.  (ni) :  I 
LrftvalTe  U 


Ca.  Sa 


3p   :  I  i  1  Lp.  m  : 


Ca.  :  2a  :  Sp  :  AfiXlLp.  U: 
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I  hare  examined  the  hin^  of  three  species :  tlie  living  Cyrena  galaihecs  from  tho 
Nioobar  islands  and  two  fossil  ones  Cyrena  craw/urdi,  Noetl.,  and  Cyrena  pttrolei, 
NoetL,  wliich  occur  in  a  bed  tenuinatiDg  the  miooene  formation  at  Yenangyoung. 

TliehrofoaaU  spedeehave  not  exhibited  any  mateciBl  diltoenoe  fram  tbeliiiig» 
of  tbe  living  spocies,  and  the  general  formula  is  tlirrrfnro,  exactly  the  same  in  all 
tbree>  the  only  features  by  wbioh  tbe  binge  of  Cyrena  craw/urdi  differs  from  tbat  of 
Ofwmta  ftHUdhem  an  oonneoied  witii  the  hlanl  taath.  80  far  I  have  not  diacorw* 
•d  wmf  tensTcrse  striae  either  on  flMaiMketa  or  teeth  of  the  liviti^'  Npeciee;  I  am. 
however,  unable  to  »ny  whether  th^f  an  nally  niiiiiig  or  iiDt»  as  I  bad  only  a  angle 
species  for  oompari&ou. 

The  ehiet  differenoe  oonalsts  in  the  ein:  In  both  foesQ  speeies  tbe  poctarior 
and  anterior  laterals  nrc  much  longer  than  in  theliviBig  apaoiei^  as  tbe  following 
nteasnrements  will  demonstrate 

Qjtamt»Mim    .      .  lOlMm.  IMwk  IMn. 

CjMMMHHMi    ...        40  •  ItO  »  U-O  . 

The  diSaieaoe  will  be  move  obvioae  et  the  length  of  the  lateiala  is  ezpmted 
in  paiti  of  the  length  ef  tiie  ahall  it  ia  in— 

UIL  LflL 

CyTfn»  K»latk»»  (>18  ©"IS 

Cji«nft  oi»wf  urdi       ......         0  38  O'ST 

Wo  see,  therefore,  that  in  the  living  speoiee  tbe  length  of  tbe  anterior  lateral 
La  II  is  only  one-fifth  of  tbe  length  of  the  ihell,  while  it  is  nearly  one>fhird  of 
it  in  ^  ndMeMqweka;  vith  ngud  to  tto  poaterior  lateral  Lp  II  it  is  only  on»- 
MfOkdl  of  the  whole  length  in  Cyrena  galatlaa,  while  it  is  a  little  o^er  ono-third 
in  Ofttm  9ra*cf#rdi  ;  or  with  other  words,  if  tbe  same  ratio  existed  between  the 
lengtii  of  flie  laterals  in  the  living  as  in  the  fossn  ipeoe^  tho  anterior  lateral  ongbt 
to  BO  88^88  mm.  and  the  posterior  lateral  38'48  mm.  in  length. 

I  am  not  in  the  position  to  say  whether  this  dilTerence  is  only  a  specific  one  or 
whether  it  is  an  evolutionary  feature ;  if  it  would  bo  proved  that  the  fossil  Cyretwe 
IndgeneiallyloogerlatorataitthooonolvrioaChatttoiendflnorin  the  orolotloB  of 
tbe  hinge  of  the  Cyreuce  vw»  towards  the  redttotion  o(  the  lengtti  of  tbe  btenla 
would  oertwnly  be  justified. 

Ibis  view  seems  to  find  gome  support  by  the  figures  of  Cyrena  venniSma,  Dkr., 
frffm  fho  WeaUan,  exhibiting  some  Toy  bng  laterals ;  as  however  the  geBoiia 
determination  of  these  so-called  Cyrena  may  bo  questioned,  the  inference  may  not 
be  considered  of  much  value.  Duaker's  figures,  particularly  fig.  Uc,  show  distinctly 
tiio«aidina]a«nly;lnfaet  Danlrar  states  hfansdf  that  tho  hinge  eonsiat*  of  two  caidl> 
nals  in  each  valve  only ;  these  cardinals  are  nnfjnostinnably  Ca3a  and  Ca3p  in  the 
right  and  Ca2a  and  Ca2p  in  the  left  valve;  tbe  bingo  of  the  Wealden  Cyrena  would 
therefore  be  distinguished  by  the  absence  of  Cal*  aftetoio  whidtii  M  ehaiaotariitio 
tbatiftiroaldhBimpoMiUetoiadadetheieapoeiMinagenna  nhieh  oxhibitBiaflh 


32 


NOTES  ON  THE  MOIIPUOLOGY 


an  unquestionably  modem  hinge  as  Cyrena.  I  hare  unfortunatdj  no  material  to 
follow  ap  this  question,  but  it  seems  very  probable  that  the  modern  and  tertiaiy 
Ojfftna  hare  been  erolved  from  the  Wealden  apeoiea  by  the  development  of  Ca  1. 
I  am  unfortunately  unable  to  decide  wlu-ther  Bunker's  statement  with  ret^ard 
to  Cyrena  reeuroala,  Val.,  from  the  Pltilippine  Islands  i«  correct ;  but  adopting  it« 
oonestneas  it  b  not  yet  prared  that  the  two  eardlnal  taeth  whieh  this  apeoiea  ia 
said  to  posaess  aro  homologous  to  those  of  the  Wealden  species;  in  fact  it 
seems  to  me  mofe  probable  that  the  hin<2;c  of  Cyrena  reoarvata  exhibits  a  namber  of 
teeth  reduced  by  atrophy  of  some  teeth  with  higher  indices,  always  provided  that  it 
eomiitia  of  two  teeth  only.  With  all  oatwaid  ondlArity  the  hinge  eC  the  Wealden 
CijreiKT  would,  therefore,  not  be  homologous  to  that  of  Cyrena  recnrmta  unless  it 
be  proved  that  the  binge  of  thia  species  consists  of  CaSa,  OaSp  and  Ca2p,  aa 
•a  ha  the  WeaUsa  apenei. 

Ctbbva  ojubATHBA,  If  6i«b.  Hate  IT,  ilg.  S— Sii 

a.  Hight  viihe. 

1.  Anterior  lateral  teeth. 

There  are  two  anterior  lateral  teeth,  Lai  and  Lalll,  the  ventnl  Lai  is 
ehwgile,  stmwgand  thick  o^athodioe  and  lapMBted  by  •  mtherahoKt  hut  veiy  deep 
aociket  Cram  the  low  Todimentaiy  La  in. 

S.  Cttdinal  teeth. 

The  anterior  i  ir-f^inal  Ca3a  is  rather  short,  Icnob-like  and  slightly  opiatbocIiDe  ; 
on  its  posterior  (dorsal)  side  is  a  deep  socket  followed  by  a  stout  slightly  prosooliae 
tooth  Cal ;  thia  tooth  is  ntiier  tfaiel^  only  slightly  tapering  towarda  the  npes;  on 
its  posterior  (dorsal)  side  there  is  a  deep  socket,  followed  by  the  mttflt  loBg^ 
strongly  prosoclino  Ca3p,  which  is  moderately  attenuated  towards  the  apex;  on  ita 
dorsal  side  is  a  deep  socket ;  then  follows  the  strong,  broad  ligameutal  nymphe. 

8>  Foeteriov  Intenl  teeth. 

There  aie  two  posterior  lateral  teeth  La  I  ud  La  III ;  which  both  are  longer 

than  the  coiTOsjianiliiiLC  antfiir  r  laterals,  the  ventral  La  I  is  rather  loni;  ar.i]  tin -k, 
strongly  prosoclino,  separated  by  a  deep  elongate  socket  from  a  rudimentary 
pneodine  La  HL 

Ik  Lrft  valve. 

1.  Anterior  lateral  teeth. 

Then  la  a  verj  thick,  elongate  stroi^ly  opistboeline  anterkw  Intanl  Ln  IL 
hnvias  <A  ite  donal  aide  a  diallow  aoelcet. 

S.  Cardinal  teeth.  . 

The  anterior  cardinal  tooth  Ca2:i  is  short  but  rather  broad,  just  perceptibly 
prosuoline,  having  a  shallow  socket  on  its  anterior  (dorsal)  and  a  broad  deep  socket 
onitapoateikir (TOntial)  side;  Ca2p  is  slightly  lougcr,  stroogly  prosocline,  broad 
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at  tbe  base  and  hardly  attenuated  towards  the  apex,  behind  it  is  a  deep  socket,  and 
theu  fnllnwR  the  a1mos,t  rurlimentarj  low  and  thin  ttXODgly  pHMoeliiie  0a4p; 

behind  it  is  tho  broad  ligamental  aymphe. 

3.  Posterior  lateral  toeth. 

There  is  odIj  one  ratber  strong,  eloogato  and  piosocline  posterior  lateral  tooth 
La  II,  wliicb  k  of  the  Hune  lenfth  or  perbapB  aliglitlj  loogBr  tbu  tho  oafiM|K»diiig 

anterior  lateral,  harinc;  a  shallow  socket  at  its  dotnlalde. 

The  hinge  formula  is,  tlicrcforc,  as  follows: — 

Bight ralrelA.  Ill :  IjCa  Sa    :  1  :  8p    :|XiLp.III:  I. 
LeftnlTe  La.    II    |Ot.:Sa:Sp   t4p|X|I^  IL 


OnnA  OE^wwrnm,  NooiliDg.  Plate  IT,  fig*  1— la. 

a.  MtfitPalM. 

1.  Antaiiorlatena  teeth. 

There  are  two  anterior  laterals  La  I  and  La  III,  both  elongnte  and  strongly 
opisthocline  ;  the  Tentral  Ia  lis  considerably  stronger  and  thicker  than  the  dorsal 
La  in ;  hoHi  aie  eeperated  hj  an  dongate  sooket^  which  Is  Inoad  and  deep  at  ite 
posterior  part,  hut  suddenlj  oonstricts  to  a  aanov  furrow ;  the  Tential  lids  id  tlie 
looket  ia  covered  with  auDieiDiu  fine  tianiTcne  peiallel  pUeationa. 

2.  Cardinal  teetli. 

The  anterior  cardinal  CsSa  is  very  short,  knob-like,  perhaps  slightly  opistho- 
eline ;  on  its  posterior  side  is  a  broad  and  deep  soeket,  which  is  followed  by  the 

short  thick  slightly  prosooline  Ca  1 ;  on  its  posterior  side  is  a  brood  and  deep  soekat^ 
followfd  by  the  elont^te  but  rather  thin  stronE^ly  prosooline  Ca3p,  which  has  on 
its  posterior  side  a  long  and  deep  socket.  Then  follows  the  broad  ligamentai 
nymphe. 

8<  Pteterkir  kteni  teeth. 

There  are  two  posterior  laterals,  the  yentral  one  of  which,  Lp  I,  is  rather  long, 
thick  and  strongly  prosooline;  Lp  III  is  almost  rudimentary  and  separated  from 
the  focmer  by  a  very  elongate  socket,  which  is  broad  at  its  anterior  end,  but 
neisowe  gndnaUy  in  posterior  dJnetion ;  11m  Tentml  elds  of  the  lOoket  Is  ooifiMd 
irtth  nWDBKniB  Ine  tnoireiie  pUeathna. 

b.  £^  mriet. 

1.  Anterior  lateral  teeth. 

There  is  one  elongate,  strongly  opis^thocline  anterior  lateral  La  II,  whioli  is 
rather  thick  at  its  posterior  but  very  thin  at  its  anterior  extremity  :  its  dorsal  side 
ie  eofcnd  vifh  flue  taansraee  pUeatioiui  theve  is  a  ihaUoir  eoeket  cm  either  sidoi 


81 


K0T£8  ON  TAB  MOaFHQLOGT 


S.  Cardinal  te«ih. 

The  anterior  prirdinal  Ca2a  is  rather  short,  opisthoclino,  liiving  a  shallow 
socket  on  ita  anterior,  and  a  broad  and  deep  eooket  at  its  posterior  side ;  then  follows 
the  atKHBi^  pmaooliiia  stout  OaSpk  trUoh  haa  s  Iwoad  and  daop  aoctket  oniti 
poalarior  (donal)  side ;  this  is  followed  hj  a  tbin,  low,  ekmgate,  atnm^  pmiobliiie 
Oa4p  (n  ibm  edge  of  the  ligameatal  nymjflM, 

8.  Posterior  lateral  teeth. 

There  is  one  elongate,  strongly  prosocline  posterior  lateral,  which  is  broad  and 
thick  at  its  anterior,  thin  and  lamellar  at  itH  posterior  end ;  having  its  dorsal  side 
oorered  with  fine  traomne  pUeattom ;  them     a  deep  aoeket  on  ita  doeaal 

and  a  slmllow  one  on  its  ventral  side. 

Thfl  bingo  formula  is,  therefore,  as  follows  : — 

Bight  valve  La.  (lU)  :I|Ca.  3a    :  1   :  3p  Lp.  (lU)  :  I. 

LMftiw  La.      II  lOa.  t  2a  t  8p  s  dp|x|  hj^  IL 


Genua :  ICAOTRA,  Liniid. 

In  ibe  genesa  and  famllte  hiflierto  deaorfbed  fban  k  an  nnqneitionaUe 
tendenOf  tomidatbeicduetioii  of  the  lateral,  and  the  development  of  cardinal  teeth; 
ia  the  genus  Uttotra  apparently  the  opposite  takes  place;  the  hteraI^:  increase 
oomiderably  in  length  and  strength  at  the  expense  of  ibe  oardinaiu,  wkioh  be« 
eome  almoot  entiral7  obaotefee.  I  am  vadottmMfy  nok  in  tte  poiitibo  to  anpfmrt 
this  statement  by  more  extensive  obserrations,  but  the  instance  which  the  com- 
panson  of  the  hinge  of  the  recent  Maetra  loevit  and  that  of  the  miooene  Mactra 
■  pfvttmMti  nff«sd  ta  lo  atriking  that  the  tiieoiy  of  a  oertain  group  of  Bivaltea. 

moll  genaca  as  Maetra,  Corbvla,  and  perhaps  the  whole  order  of 
Defmodonfa,  Neumayr,  in  which  the  inercaae  in  strength  of  the  laterals  takes  place 
at  the  expense  of  the  strength  of  the  cardinals,  while  the  reverse  happens  in  the 
JETeferodloNfo,  io  by  no  means  fmpcobablei. 

Of  aouTMi  further  investiprntioni^  are  required  to  prove  the  eOCTOOtaeas  of  the 
above  viow,  which  would  afford  a  good  systematioal  feature. 

According  to  Bernard  the  bingo  formula  of  Maeira  ia  as  fdlowa  : — 


Bight  fnlTe  La.  Ill  : 
Left  Talve  La.  II 


Ca.Sa:  0^   :  8b 
Ca.  2a  :  2b    :  4b 


'  L 
I  L 


Lp.m:  I. 
Lp.  IL 


The  examination  of  the  two  species  above  referred  to  has,  however,  revraled 
some  curious  features,  which  I  am  unable  to  explain  unless  the  hinge  formuhi  is 
oonaidafably  ebanged.  I  am  howevMr  not  in  the  same  position  aa  Ur.  Benaid,  who 
was  able  to  follow  up  the  df>vo!opmcnt  of  hintje  of  llnrtrn,  and  I  may  be  : 
but  both  the  binges  of  the  recent  Maotra  laevit  and  the  miocene  Maetra  j>roi 
•zliibtt  Tecy  peodiaf  fentOTsa  wtth  legaid  to  the  antaiioc  latemla. 
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There  are  in  the  left  valyc  two  lolerior  lateral^  whlob  trnqoeftiGgiftUy  le* 

present  La  II  and  La  IV ;  their  arrangement  is,  however,  such  that  unless  their 
derelopment  is  known  some  doubt  may  be  attached  as  to  their  identification ; 
the  anterior  and  of  teedi  la  in  Iwlh  speelm  Ittgor  than  the  poaterlor  on«  and 
fits  in  the  socket  between  the  two  large  anterior  laterals  of  the  right  ralve  ;  the  most 
planaible  interpretation  would  therefore  be  to  consider  it  as  La  Q,  and  theiefora  tlw 
two  antmor  laterals  in  the  right  valve  as  La  I  and  La  III. 

In  lUa  oaae  tlie  tooih  behind  I«  11*  {.A*  on  il»  vootral  dde,  ooold  not  1>e  oon- 
siderod  as  a  lateral,  but  would  have  to  be  considrred  as  a  cardinal,  and  should  then 
logioally  reproMnt  Ca4o ;  as  it  is  however  unquestionably  on  the  ventral  aide  of 
OaSa  vkm  the  -nltm  am  okaad,  It  eaonotpoMibly  ropreeent  OMa;  in  betil  aannofc 
npnaant  a  cardinal  tooth  at  alL 

By  careful  examination  of  the  hinjio  of  the  living  Mfcfra  laevit  I  dis- 
covered that  the  posterior  extremity  of  the  large  anterior  lateral  ooutinoed  on  the 
dofial  side  of  flie  amallBr  tooth*  and  boiiq;  eementad  to  it*  a  Cdnt  fafwr  only  nunto 
the  boundary  between  the  two ;  it  is  therefore  unquestionable  that  the  smaller  tooth 
is  on  the  ventral  side  of  the  large  one,  is  a  lateral  and  must  represent  La  II,  while 
the  large  anterior  tooth  represents  La  IV ;  the  logical  consequence  ia  therefore  that' 
the  two  aiitflriflr  latanb  of  the       valfo  mnat  tepaaaant  I«  in  and  Ia  y. 

This  view  is  further  supported  by  an  observation  in  the  right  vnlvc  ;  there  is 
a  small  thongh  rather  high  lamellar  tooth  in  front  of  CaBa*  which  might  at 
first  sight  bo  oouidcNdBa  ft  detaehed  put  of  tbaitoofhybotonclaaerenmlaatlOB 
it  will  be  found  that  it  is  distinctly  on  its  ventral  side,  as  well  as  on  the  ventral 
side  of  the  ventral  of  the  anterior  laterals,  and  when  both  valves  are  closed  it 
will  be  seen  that  this  tooth  is  on  the  ventral  side  of  the  tooth,  which  must  represent 
Lall;  flie logioal oonaeqneBee ia Ihenfbn  that  it  rajpnaenta  Lai* and  than  of 
oonrse  the  other  two  late rnh  must  represent  La  III  and  La  V. 

The  examination  of  the  hinge  of  the  miocene  Maetra  protoreeveti  showed 
distinctly  that  the  posterior  of  the  two  foremosit  teeth  of  the  left  Talre  ia 
aetnaUy  on  11»¥eBftnl  aide  of  the  nioat  anterior  tootii,  and  that  ttsnlova  the  latter 
must  necessarily  llftfa  a  hifT'ier  index  tbnn  the  former,  and  if  the  first  tooth  is 
considered  aa  a  laitsn^  it  can  only  represent  La  IV  while  the  sooond  one  represents 
LalL 

The  examination  of  both  species  has  therefore  led  to  the  same  result,  ma, 
the  large  anterior  lateral  of  the  left  valve  must  represent  La  IV  and  the  two  large 
anterior  laterals  of  the  right  valve  therefore  La  III  and  La  V.  The  hinge 
fotmutft  would  theiefMe  bo. — 

Right  valve  La.  V  :  HI  :  (I)  I  Oa.  (&)T  0»^r  3p       L  Lp.  Ill;  I. 
Left  valvo  la.  IV   :  U     |  Oa.     2a :  2p  t  (4p)j  i;  I  Lp.  H. 

If  thia  formula  be  compared  to  that  of  Mr.  Temard  it  will  be  seen  that  the 
diffennoo  oonaute  not  only  in  the  asaumptian  of  one  moio  anterior  lateial 
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1m  Yf  bat  oyeflj  in  the  different  intopnlation  of  the  antedor  latenla,  vliieh 
will  be  beak  eeen  txom.  ilie  following  table :~ 

Ia  11.  Not  mcQti«aad.  I.  Not  weatioDeiJ. 

hIT.  «  UtL  ImIII.  s  I*L 

I«V.  =  Ulll. 


It  may  certainly  be  argued  th&t  the  above  view  sulTers  from  the  great 
diaadTaoti^  of  being  dedooed,  and  not  aapported  by  actual  obaarratlon,  wlUle  Mr. 

Bernard's  interpretation  of  the  hinge  is  based  on  actual  obserratioB  of  the  dcvelop- 
mpnt  ;  but  qmte  npart  from  the  fact  that  it  is  impossible  to  reconcile  the  features 
of  the  hinges  of  Mnelra  laevi*  and  Mactra  protoreeveti  with  iJernard's  opiuion,  I 
eannot  qoitesuppirewtiie  notion  that  the  flgoret  aa  given  by  that  author  afe  enggea* 

tive  of  another  int<>r[iri't:ition  ;  fi?.  28-2  as  well  as  fi!».  23-3  seem  tn  infiii-nto  that 
the  ventxal  anterior  lateral  which  is  interpreted  a8  La  I  is  actually  the  continuation 
of  the  primary  lamella  firom  which  tile  two  cardinala  OaSa  and  CaSp  ori> 
ginated  ;  if  thifl  view  be  oooeot*  the  lateml  on  the  donnl  aide  of  it  moat  neoeHarily 

be  La  V. 

The  hinge  of  Maolra  as  interpreted  by  me  would  therefore  be  distint;uished 
bf  the  large  number  of  anterior  laterals,  of  wMoh  Vb»  older  on«e  La  III,  La  lY  and 
La  Y  are  still  strongly  developed,  while  the  younger  La  II  aud  particularly  La  I 
are  in  an  imperfect  state  ;  that  La  I  is  apparently  a  reeent  acquisition  seems  to  be 
proved  by  its  absence  in  the  miucene  Mactra  protoreeceti ;  further  examinations 
woald,  howemr,  be  raqniied  to  my  anything  definite  in  tbia  legaid,  aa  the 
living  Mactra  snUda  seems  also  lackini;  of  La  I. 

The  above  view  is  quite  in  harmony  with  the  theory  here  promulgated 
that  the  i^peaianee  of  the  primaiy  lamella  1*1  ia  a  modem  feature, 
whne  ita  absniee  and  the  preaenoe  of  teeth  with  a  h^ber  index  indioate  a  more 
archaic  type. 

The  hinge  of  Mactra,  with  its  strongly  developed  laterals  of  a  higher  order, 
its  mora  or  km  mdimentaiy  mrdinala,  diatinguished  by  the  missing  Oal,  and  if 
present  a  very  nutimentaiy  Ia  I,  together  with  its  internal  ligamental  soohat, 

would  therefore  represent  an  eminently  archaic  type.  This  tlieory  is  of  course 
quite  in  diahaimony  with  the  generally  accepted  one,  th&t  Mactra  is  a  modern  type; 
I  should  howerer  not  he  very  moob  surprised  if.  when  folly  preserved  ahella  of 
species  which  have  hitherto  heen  ranged  under  thf'  .^eti,  ra  Akiarte,  Venut,  but 
particularly  Cgprina,  could  be  examined,  most  of  them  would  turn  out  to 
belong  to  the  genus  Maetra.  In  confirmation  of  the  above  I  may  already  be 
pi^rmitted  to  say  that  species  like  Aslarie  hjfderabadentu,  d'Archiao  and  Haime, 
Venut  nontcripta,  Sowerby,  and  T'mus  h'jderabadetniiii,  d'Archiao  and  Wymfl;, 
from  the  Tertiary  of  Western  India  really  bcloug  to  the  genus  Mactra. 
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Maoxba  la£vis,  Liiui6.   Flate  IV,  iig.  4— 4a'. 

a.  Sight  valve. 

1.  Anterior  lateral  teeth. 

Thcfe  are  three  opi^tbocUM  tnterior  latanb  La  I,  L*  III  and  La  Y,  two  of 

which,  La  III  and  La  Y,  an  very  long  bat  rather  thin,  heini^  comprc<:sed  in  ventro- 
dorsal  direction ;  both  are  mthcr  hlj;]\,  pointcrl  at  their  rmterior  extremity  but 
rapidly  decrease  io  posterior  direction  ^  both  are  slightly  curved  in  dorsal  direction  at 
thair  antecior  end,  and  La  III  is  oooridenblj  wtakw  tiian  La  Y ;  tlie  aoeket  lepap- 
ating  both  is  deep,  bmad  at  the  anterior  extremity,  but  narrows  strongly  in  posterior 
direction  ;  Lp  V  is  well  sot  off  from  the  margin  by  a  deep  farrow.  The  tooth 
irbiob  I  consider  as  La  I  is  an  almost  rudimentary,  short  but  rather  high  lamella, 
in  f  itmt  of  CaSa,  and  on  the  Tentnl  tide  of  La  III. 
S.  Gtaedinal  teeth. 

The  cardinal  teeth  have  become  so  extremely  rudimentary  that  they  arc  hardly 
xeoognizablc,  and  the  A  shaped  tooth  formed  by  the  uuioa  of  OaSa  aud  Ca3p  is 
liardly  recognisable  ;  CaSa  b  a  weak,  thin,  opiatbocUiie  kmeUa,  ItaHog  a  deep 
aoeket  at  its  posterior  side,  Ca3p  is  almost  reduced  to  a  dMnt  ptoaooliiie  fragment 
at  the  anterior  side  uf  the  large  ligamental  gfOOTO.  • 
3.  Posterior  lateral  tcetb. 

There  axe  two  {>osterior  laterals  Lpl  and  LpIII,  both  ■trongly  piosocline, 
lather  kog,  but  thin  lamelUtr,  the  dornl  Lp  III  being  the  weaker ;  both  ate  high, 
pointed  at  the  posterior  end,  and  rapidly  deocease  in  height  in  anterior  direction; 
the  socket  separating  them  i>  natiow,  «lit*like  at  its  anterior  end,  but  broadly  widens 
out  in  posterior  directioo. 

b.  Xe/keotw. 

1.  Anterior  latnral  teeth. 

There  are  two  anterior  laterals  La  II  and  La  lY,  thoogh  the  peculiar  appearance 

of  these  teeth  renders  their  identification  exceeilini^ly  difllcult ;  the  most  anterior 
tooth  isopisthooline,  ratlicr  long,  lamellar,  high  and  pointod  at  its  posterior  extremity, 
beoomii^  abruptly  lower  at  ite  anterior  one  and  having  a  deep  aoeket  at  ite  doml 
side  ;  this  tooth  fits  into  the  socki  t  between  the  two  correspondinsr  teetli  of  the 
right  valve,  and  if  we  assume  these  to  be  La  I  and  La  III,  this  tooth  should  re- 
pment  La  II ;  there  is  however  a  diiHoulty  ;  immediately  liehind  tliis  tooth,  and 
imqnestionably  at  its  Teatral  atde^  tiieie  io  another  imaller  opiatbocline  lamellar 
tooth,  which  cannot  be  identified  if  assume  tbo  anterior  tooth  to  bo  La  11  ;  the 
only  poeeibility  is  that  the  former  represents  La  IV  and  the  latter  La  II ;  in  this 
eaw  the  two  anterfair  laterala  of  the  right  valTe  mnit  neceuarily  repreeent  Ia  III 
aodUY. 

When  botii  valves  are  interlocked,  the  tooth  La  II  is  on  the  dorsal  side  o£  a 
rudimentary  lamella  in  the  right  valve  whioh  I  interpreted  as  Lai;  the  tOOth 

•BjaalitalwM  niortuMta       hw oeevRdl  in  tW 4«MMiMrtin  •(  Oa Mb «f  >«> «^ 
(M»  tkMld  bcdMMBiMUdUI. 
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considered  to  be  La  II  is  therefore  onqnestionably  at  tlie  ventral  side  of  the  large 
La  III,  although  this  cannot  well  be  Ken  when  the  TaWee  are  closed. 

2.  Cardinal  teeth. 

The  mteiibr  oaidinal  OfeSa  ii  almoat  tin  eontUiiiatioa  of  La  II ;  imtber  hig^h, 
iMMUar  and  opisthocline,  having  a  short  hot  deep  nelut  at  its  anterior,  and  a 

similar  one  at  its  posterior  side  ;  Ca2p  ia  prosocHne,  very  rudimentary,  joined  with 
its  apex  to  Ca2a  foruiiog  an  obsolete  A  shaped  tooth,  tkic  posterior  side  of  which 
]•  almoit  effaead. 
8.  Poataiiar  htaral  leelb. 

There  is  a  strong,  elongate^  lamellar  posterior  lateral  La  II  which  is  strongly 
prosocline,  high  and  pointed  at  ita  poaterior  end,  decreasing  in  height  towards  itt 
anterior  extremity ;  at  its  donalaide  ia  a  deep  broad  sookeL 

The  hinge  formnla  ia  tbeaefore — 

Kight  Talva  la.  T   :  m  :  (I)  |  Oa.  fi'T^Tsp  |  Z  I  Lp.  Ill :  I. 
LettTahe   La.  :!¥    :  U  :  |Ca.  :  la  t  Sp  :  J  ii  ILft.  II. 

Uidonu.  nunoKBifBHi  KoeOiiig.  Plata  lY,  flg.  8— 8a.* 

a.  JUffkt  vatve. 

L  Anlarior  lateral  teeth. 

There  are  two  long,  thin,  limHIar,  strona^ly  opisthonlino anterior  htenils,  La  III 
and  La  V  ;  the  ventral  La  III  is  much  longer  and  stronger  than  La  V,  bwng 
taiaed  at  ita  middle  Into  a  high  knob.  The  doraal  tooth  La  V  ia  my  tiiia,  a  little 
vndnlating,  high  at  its  anterior,  low  at  its  posterior  end,  but  shorter  tiian  La  III, 
bcin<7  separated  by  a  de^  elongate  aocket  from  it ;  it  is  well  set  off  against  the 
margin  by  a  deep  furrow. 
2.  OMdlaalteeth. 

!llie  anterimr  eaidinal  OtSm  ia  fhin,  lamellar,  alroBgly  opiathodloe^  having  a 

deep  socket  at  its  posterior  (ventral)  side  ;  it  is  joiner!  at  its  apex  to  Ca3p  ;  the 
latter  tooth  is  thin,  lamellar,  stroogly  prosocline,  forming  a  A  shaped  composite  tooth 
with  OaSat  the  apex  of  whioh  ia  i%h(  imdeneath  tlie  unbo ;  behind  it  follows  the 
deep  internal  ligamental  sooket 

8.  Tofiterior  lateral  teeth. 

There  are  two  posterior  lateral  teeth  La  III  and  La  I ;  both  are  thin,  lamellar, 
elongate  and  atrongly  prosocline,  the  ventral  La  I  is  much  stronger  than  the  donal 
La  m,  aeparated  from  it  by  a  deep  aanow  aooket ;  both  teeth  are  btgheat  at  their 
anterior  evtremity  and  decrease  in  poeterioir  direotkn.  Lp  III  il  ahovtor,  tUmcr 
and  well  set  oil  from  the  margin. 

b.  valve. 

1.  Antariogrlatanl  teeth. 

*  niHMtelttiimliiflg.atats«m«snUlii%HM. 

hi.    .  .uni. 
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At  first  sight  it  seems  as  if  thoM  ms  only  one  laBMUar*  tbin,  opisthocline 
anterior  lateral,  well  set  off  from  the  margin  by  a  deep  furrow,  and  well  forward  of 
the  umbo ;  under  ordinary  circumstances  one  would  bare  unbesitatingiy  interpreted 
it  M  I«  II,  but  It  fa  wiqiMrtianaliij  od  Qt»  donal  tide  ol  b  III  vlicin  tiM  Tshci 
are  clo«ed,  and  must,  therefore,  represent  La  lY.  On  its  posterior,  Tsntnilude,  separ- 
ated by  a  ftballow  sooket,  there  is  a  thin,  lamellar  and  strongly  opiafliooline  tooth 
irliiob  miglitba  flontidaredaB  a  oardinftl ;  on  closer  ezaminatioa  it  will,  howerer,  be 
«m  fbat  llw  anterior  «ontiniiati«ii  of  tiiU  tooth  paaaea 

altboiiph  becoming  very  rudimentary  ;  it  must,  therefore,  unquestionably  1 1  |iinoont 
the  true  La  II  which  imitates  shape  and  position  of  an  aotwior  cardinal  tooth. 
8.  Cardinal  teeth. 

Hie  anterior  eardinal  tooth  OaSft  i»  Tory  Ada,  lamellar,  strongly  opiattioaline, 

having  a  narrow  socket  on  its  anterior  (dorsal)  an;!  a  I  road  trian^Iar  socket  on  its 
poiterior  (vential)  aide;  its  apex  ia  joined  to  Ca2p  ;  this  tooth  is  very  thin,  lamellar, 
atnngly  proeooHine  and  joined  to  OaSp  Inimiog  a  A  shaped  oomponte  tootb,  the 
apex  of  whaoh  is  light  nndaiiieath  the  umbo;  beUad  it  ia  the  triangular  Ugamantal 

socket 

8.  Posterior  lateral  teeth. 

There  is  only  one  large,  lamellar,  strongly  prosodine  tooth  Oa  II,  having  a 
nihw  hraad  aoeiiet  on  ili  donaliida. 

The  binge  fonnnla  is,  tberefoce,  as  f oUom : — 


Bdght valvB La.  V    :  m    :  1  Ca.  3a   :  0>  :  3pj  £  I  Lp.  Ill :  L 
SJgUTBlTeLa.  :  lY     t  n(Ga.  :  ^^^P  HxiLpb  U. 

Memarks. — It  will  be  seen  that  the  hinge  of  Mactra  ^rotoreeve»i  difEers  frtnn 
that  of  the  living  Jfaefra  leeatf  by  tbt  abaeneectf  the  anterior  latoal  La  I,  but 
.  ehlefly  by  the  well  devdiqped  and  less  rudimentary  cardinal  teeUl  in  both  Talros. 

I  cannot  help  thinking  that  this  hinge  represents  a  more  arohaio  type  of  the 
Mactra  hinge  by  the  absence  of  La  I  and  the  well  developed  cardinals,  as  we  have 
Mm  that  in  the  living  tpeeiea  then  ia  appaventty  a  tendeney  tomidi  tiw  develop* 
meat  of  the  ienner  and  »  ndnolian  of  the  latter. 


Gww:  MEIOOABDlA,H.&A.AdaBW. 

fhebiafhen Adams  haveeeparatednnderilienameef  JMoeartfteaamall  group 
of  sbeUl  which  harl  lin  n  formerly  included  in  the  genus  I$oeardia.  This  sepaiai- 
tion  seems  not  to  havt.-  been  generally  acknowledged,  though  I  think  this  to  be 
a  mistake.  Meiocardia,  of  which  Meioenrdia  tulgorU  from  the  Indian  Ocean  and 
Obinaae  Seaa  tucj  be  eonridend  ea  th»  ^pe,  inolodea  very  ehaiaeteriatio  speoiee 
which  by  their  trapezoidal  or  triangular  shape,  but  particularly  by  the  sharp 
keel  mnaing  fnm  the  ombo  towarda  the  posterior  oomer«  markedly  difEer  from  tlw 
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globular  rounded  shell  of  Iiocardia,  and  a.s  we  shall  presently  see  the  hbge  <rf  both 
groops  is  also  different,  a  generic  separation  seems  to  be  justified. 

The  species  separated  under  the  name  of  Meioeardia  would  ezolusirely  inhabit 
the  iMHaaOceeti  end  Chineie  Ben,  while  Uoaardia  would  be  lestricted  to  the 
Norfhen  Seas. 

It  aeenu  that  Meioeardia  though  at  present  restricted  to  three  species  only,  tbo 
ipeeifio  diffBrenee  of  whiob  muf  even  be  qwertiotied,  bad  •  wide  diibibatioii  through- 
out the  Ttfttaiy  period,  aod  it  is  even  probaUe  that  it  ocean  ia  the  eretaoeoui 
formation,  as  some  epeciea  included  in  the  genua  Tropetitm  may  perhape  betoog 

to  Meioeardia. 

Aooording  to  Berneid  the  hinge  toranila  of  MHowrdim  toMrU  ieaefol' 

Iowa 

Eight  valrc  La.  Ill :  I  Cn.  3a  :  1    :  3p      \  L    Lp.  Ill  :  I 
Left  valv.)    Ui.      II     Ca.    2a   :  2p    :  4p  i   Lp.  II 

I  r^ret,  howorer,  to  say  tbat  this  formula  does  not  appear  to  be  quite  cometi 
a  view  whidi  b  mpported  hy  Bemard't  own  figuie.  Bernard  aaeamea  thai  the 
lowev  (anterior-Tontral)  branch  of  the  lamellar  tooth  following  behind  that  he 
Bisumes  to  be  Cal,  represents  Ca2a.  Ia  this  view  I  cannot  however  agree  with 
him,  as  in  normal  oases  an  anterior  cardinal  cannot  he  prosodine^  nor  can  it  appear 
behind  Cal;  it  mnit  theMffoie  repteeent  a  poeterior  cardiDel,  vU.,  GaSp;  tide 
▼iew  is  corrorborated  by  the  shuly  of  tlic*  bin  ire  of  Meiocnnlia  rulgari*  as  well  as  by 
Seroard's  own  figure ;  if  we  suppu&o  that  tho  figures  of  both  valves  as  depicted  by 
Bernard  were  put  together,  that  tooth  whiob  be  describes  as  OaSa  of  the  right  toIto 
would  be  on  the  dor$al  side  of  tbat  tooth  which  be  supposes  to  be  Ca2p  of  tbe  left 
valve,  and  therefore  one  of  the  formulas,  either  tbat  of  the  right  or  that  of  the  left 
valve,  must  be  wrong. 

I  have  eoDTinoed  myaeif  from  tbe  study  of  tbe  binge  of  tbe  living  XBtocarAim 
vulgaris  that  the  ventral  posterior  tooth  of  the  left  valve  lies  on  tbo  ventral  aide 
of  that  of  the  right  valve,  where  it  fits  into  o  narrow  longitudinal  socket. 

The  tooth  of  the  right  valve  supposed  to  be  by  Bernard  CaSa  can  under  those 
eiraunulanMa  not  repreaeat  that  tooth,  but  ranstbeOaSp;  in  tbe  above  foimul* 
Ca3a  would  thereCoie  diaappear  and  be  represented  by  OaSpi  while  OaSp,  would  be> 
come  GaSp. 

There  are,  however,  probably  lome  other  modiSoations ;  tbe  study  of  the  bingo  of 

the  living  species  baa  proved  tbat  the  anterior  angular  tooth  of  both  the  right  and 
the  left  valve  is  of  a  very  complex  nature.  In  tbe  riajht  valve  it  is  eompnstxl  of  a 
posteriorly  inclined  longer  posterior  branch  and  a  horizontal  branch  which  is  deeply 
notched  and  appears  to  be  eompoMd  of  two  dements,  whiob  should  be  interpieted 
as  CaSa  and  La  I. 

It  is  obvious  tbat  this  requires  a  trifid  anterior  tooth  in  the  left  valve,  the 
poeterior  branch  of  which  must  he  tbe  longest,  and  being  on  the  dorsal  or  anterior  side 
ol  Ca  1  tt  must  represent  Ca9a.  Theinierpretatiooof  tbegnmnlar  tooth  whidi,  when 
bodi  valves  are  closed.  Teste  on  the  dovial^  <rf  CaSg[,nuiet  thereon  be  ooiMti  tiie 
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two  anterior  granules  would  then  represent  La  II  and  La  IV,  and  as  La  III  fits 
betweea  them  tbisiaterpretatioQ  should  be  oorreut.  The  hinge  formula  of  JUeioear- 
dia  iroold  therefore  be— 

Right  valve  La.      (Ill)    :  l7cM3a)  :  1  :  3p   :  5p  i  Z  Lp.  Ill  :  I, 
Left  valve   La.  (IV)     :  (II)  |  Ca.      2a  ;  2p   :  4p     \Z  Lp.  H. 


The  Witerior  laterals  IV,  III,  II  and  the  posterior  lateral  III  are  Todtanentaij, 
while  in  the  right  valve  La  I,  Ca3a,  Ca  1  are  amalgamated  to  form  an  nns;ular 
tooth,  and  in  the  left  valve  La  IV,  La  U,  Ca2a  form  in  a  similar  way  a  trifid  tooth. 
Aeoording  to  Bernard  Iioeariia  om*  diff«n  by  the  entira  abeenee  of  the  anterior  hlbaai 

while  from  the  posterior  ones  only  II  and  III  remain,  a  statement  which  I  am  unable 
to  clunk,  but  wliioh  would  be  sufficient  to  prove  tliut  the  spopiflc  dilTfrcnce  of 
Meiocardia  and  igucardia  would  also  be  justified  by  a  dilTcreuce  in  the  comj>osition 
<rf  the  binge. 

The  mioccneof  Burma  has  riolilcrl  t-n-o  ^spnoios  of  tin's  genus:  Meiocardia 
protoettlgaris,  Noetl.,  and  Meiuctwdia  metavuigarit,  lioetl,  of  which  however  onlj 
the  hinge  of  the  former  is  known. 

▲  comparison  -with  the  hinge  of  the  recent  Metotardia  vulgaria  from  the 
Indian  Ocoan  has  proved  that  there  is  absolutely  no  difference  with  regard  to  the 
fuudamontal  elements  of  the  hinge  of  both  the  lower  miocene  and  the  recent 
species;  the  differenoe  is  purely  fonml,  inasmuch  as  the  cudbial  man^n  ot 
Meioeardia  prolovulgari*  is  stronger  cui-ved  than  that  of  Mtiocafdia  vulgarit ;  the 
elements  of  the  binge  are,  therefore,  arranged  on  a  sharper  curve  on  the  former  and 
on  a  ilattfr  curve  on  the  latter  species.  In  other  words  the  hinge  of  Meiocardia 
wlgarit  is  a  little  mora  stretched  in  aatereiiosteiior  dinetion  than  that  of  JMooor- 
dim  frotomtlgaris. 

The  hinge  of  Meiocardia  diilers  from  all  those  hitherto  described  by  a  remark- 
ably lees  differentiated  atat^;  we  find  in  both  Tahee  a  carions  angular  tooth  which 
ia  oompoaed  of  probably  at  least  three  teeth ;  but  i n  t'-iuiich  as  most  probably  teeth 
resulting:  from  two  different  primary  lamflla?,  viz..  La  I  and  La  III  in  the 
right,  and  La  II  and  La  IV  in  the  left  valve,  participate  in  the  formation 
of  this  ooraposite  tooth,  it  is  obvious  that  it  cannot  be  considflred  as  a  pri- 
mitive tooth  which  has  not  become  diflorentiated  yet,  but  a  secondary  tooth 
resulting  from  the  amalgamation  of  teeth  which  were  originally  separated.  CaSp 
and  Caop,  which  form  another  composite  tooth,  were  originally  separate,  and  the 
<inestl(m  now  aiiaea,  ia  this  amalgamatiaii  of  fximit&f  aepaiate  teeth  only  a 
special  sort  of  evolution,  or  a  agn  of  degeneration,  in  other  wbrds  a  geratologic 
feature  ?  Is  it  probable  that  the  production  of  composite  teeth  in  which  almost 
all  the  traoea  of  the  original  teeth  are  lost,  is  a  geratologie  feature  which  would 
COfMspond  to,  aay,  evolute  ammonite  sheUsF  The  question  is  an  exceedingly  inter- 
f-sting  one,  but  further  researches  with  reeard  to  the  di'vtlopment  of  hinges  of  the 
Meiocardiaa  type  are  required,  and  I  should  tliiiik  that  the  stiuly  of  the  hinge  of 


4-:  NOTES  ON  TUE  MOKPHOLOGY 

laocardia,  whioh  is  not  ao  diffioult  to  obtain,  abonld  lead  to  aome  deOoite  viewa  in 
this  regard. 

Meiocakoia  vvlgabis.  Reeve.   Plate  IV,  fig.  6 — 5a. 

a.  Bight  valte. 

Close  to  the  nnterior  margin,  perhaps  a  little  behind  the  umbo,  there  is  an 
an^lir  tooth,  haTing  its  apex  turned  tn  veotral  diraetion ;  lit  anterior  side  it  almost 
horittmtal,  while  tbo  posterior  side  is  opisthocline.  On  tlie  donal  (anterior)  side  of 
xVih  tooth  is  a  deep  trians^ular  socket  followed  by  a  small  granule-like  tooth.  The 
interprutatiua  of  this  tooth  without  knowing  its  evolution  seems  dilfioult,  and  I 
fdlow,  therafoiNh  fiemaid,  who  legaida  the  tarned-np  poaterior  dda  of  the  tooth  as 
Ca  1  and  the  horitontal  aotcrior  side  as  La  I,  both  of  whioh  are  joined  together. 
I  wish  however  to  remark  that  in  the  specimen  under  examination  the  nntfrior 
side  of  the  angular  tooth  is  curiously  notched,  thus  making  it  appear  ait  being  coni> 
poMd  of  two  elements.  If  this  supposition  be  fight*  that  part  of  the  horisontal  side 
whifh  is  next  to  Ca  I  shoiil:!  ho  cousiderwl  as  OaSa ;  the  angular  tooth  would, 
therefore,  result  from  the  amalgamation  of  La  I|  Ca3a  and  Ca  1.  The  granular 
tooth  is  considered  as  La  IIL 

Separated  by  a  sliurt  but  deep  notch,  follows  aoomd,  1«">«1Ur  ud  f^atytHne 
tooth  which  is  sub-divided  by  a  sharp  furrow  in  a  larirer  anterior  and  a  shorter 
posterior  tooth ;  fiernard  considers  the  anterior  part  as  Ca3a  and  the  posterior  as 
OaSp ;  I  would,  however,  leel  indined  to  put  another  interpretation  and  eonsider 
them  rathi  r  as  Ca3p  and  Ca6p,  respectively. 

L'ebind  this  tooth  follows  the  li^nmcnt,  and  tlio  posterior  laterals  of  wliich 
Lp  I  is  very  long,  lameliai-,  separated  by  a  doep  socket  from  an  almost  rudimentaryi 
lamdlar  Lp  IIL 

h.  Xf^evfew. 

There  is  a  rather  large  trifid  tooth  quite  close  to  the  anterior  margin  a  little 
bebiod  the  umbo ;  the  anterior  parts  arc  small,  granular,  divided  by  a  deep  notch  ; 
the  poetoior  part  is  lameUar,  much  longer  and  opisthoeline.  Bernard  considers  the 
posterior  longer  hianeh  as  OaSa  and  ihe  aatexkr  as  la  II*;  the  divisfcui  of  the 
anterior  portion  seems  howeiTOr  io  Indieale  i2iat  it  li  oomposad  of  two  eiementet 
La  II  and  La  IV. 

Separated  by  a  short  notch  follows  a  lamellar,  ourved '  and  prosooline  tooth 
Ca3p,  separated  by  a  narrow  olou-a- e  furrow  on  its  dorsal  postwior  side  fitNn  a 

sinul:>r  tofjtli  Ca4p.  Then  fellows  the  ligament  and  behind  it  a  strong  lamellar 
xouth  LpII,  having  a  rather  deep  socket  on  its  dorsal  side.  The  hinge  formula 
would  therefore  he:^ 

Right  valve  La,    QII)  :  1 1  Ca.  (Sa)  :  1  :  3p  :6piXlLp.  UI  :  I 
Iisf t Talve  La.  (Iv) :  II     [Ca.   ;  2a  :  2p  :  4p    ( £ | Lp.  II 
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Mbiooabdia  Noetling.   Plate  IV,  fig.  6— 6a. 

a.  Eight  valce. 

There  ia  rather  a  large,  angular  tooth  the  posterior  end  of  which  is  turned 
iipwardi80MtofwmaDobtiueangle,ttie  apex  of  which  !■  tamed  Tentfallj,  elighilr 

in  front  of  the  umbo  and  close  to  the  anterior  margin.  The  anterior  sido  is  a  little 
longer  and  slightly  notched ;  on  the  anterior  (doiaal)  tide  is  a  deep  triangular  aooket, 
flollBirBd  hj  a  minute  graaular  tooth  oIom  to  the  margin ;  a  oompariwa  irith  the 
reOMlt  Meiocar>iia  vulgari*  proves  that  the  same  elements  are  developed  as  in  that 
qiecies  and  tliat  the  posterior  side  of  the  angular  tooth  represents  La  I ;  the  anterior 
horizontal  branch  is  composed  of  Ca3a  and  Ca  1,  while  the  granular  tooth  on  the 
dona]  end  of  tlie  aooket  lepnaente  La  III.  The  only  difleceDoe  notieed  would  be, 
that  in  tlie  miooene  species  Ca  1  is  shorter  than  the  amalgamated  Gate  +  La  I, 
while  the  reverse  takes  place  in  the  rfoont  species. 

Separated  by  a  short  notch  follows  a  lamellar,  strongly  curred,  prosodine  tooth, 
having  a  deep  loolcet  on  both  Taatral  aaddoiaalnde;  thfo  tooth  is  divided  by  a 
shallow  furrow  and  represents  Ca3p  and  Ca5p  ;  its  only  difTerenre  from  the  similar 
tooth  of  the  recent  species  oonsista  of  its  being  shorter  and  stronger  curved.  Then 
fbllowi  tlie  ligament  and  behind  it  tbe  long  kmoilar  postef ioc  lateral  Lp  I  separated 
by  a  narrow  socket  from  the  mooh  weaker  Lp  III ;  in  the  reoent  speciee  the  f  eatares 
are  exactly  alike. 

b.  Left  talce. 

There  is  a  similar  triM  anterior  tooth  close  to  the  anterior  margin,  but  in  har- 
mony with  the  light  valve ;  the  posterior  braaoh  representtng  OaSa  is  rather  small, 

while  La  II  and  La  IV  ar<3  much  stronger  than  in  the  living  species.  Ca2p  is 
short,  lamellar,  proeocline  and  strongly  curved,  separated  by  a  long  narrow  socket, 
on  the  dorsal  side  fruui  Caip,  which  is  ec^ually  strongly  curved.  Then  follows  the 
ligament,  and  beUnd  it  the  long  lamellar  Lp  II,  having  a  long  wekot  on  its  dorsal 

side. 

The  hinge  formula  is  therofon;  as  follows: — 


Right  valva  Lb.  (Ill)  :  1 1  Ca.  8a  :  1  :  3p  :  5p 
Left  valve  Ia.  (IV)  :   II      Ca.     2a  :  2p   :  4p  : 


Mmarktr^lm  already  said  there  is  hardly  any  diffemnoe  to  be  reoorded  bet- 
ween the  hinga  of  the  miocene  Meiocardia  protovnlgMi$  and  tbo  reeent  ^gio0Vdi« 
oiAgari^  exeept-that  in  the  former  the  hinge  is  more  eurved. 


Lp.  Ill  : 
Lp.  II 


el 
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8.-0N  THB  VARfABILTTY  OF  THE  SHELL 
PELECyPODA. 

INTBODUOnON. 

Hearly  everyone  who  had  to  deal  with  the  desoription  of  Pelcoypoda  will  have 
tatdj  felt  the  insufficiency  of  the  terms  applied  to  convey  an  idea  of  the  shape  of  the 
shell.  Notonly  are  the  terou  mostly  exceedingly  vague,  as,  for  instance,  *'  somewhat 
nmndedly  4|naiiimDgiilar '*  or  *'mibcyliDdricsl  "  "  orbicularly  lentionlar,"  etc.,  etc., 

initances  wfiicli  ovrry  onp  can  easily  di'^covi'v  f  ir  himself  by  goine^  over  the  descrip- 
tkniiLthe  majority  of  memoirs  dealing  with  Pclecypoda,  but  in  addittoa  to  those 
▼agnetennstlieperMfiialeqiiatimeomeaiii  pfoinlneiitly.  If  terms  as  the  above  ate 
used,  it  will  hi  admitted  that  there  are  nuraeroua  instences  by  which  difTerentaathon 
h'jvc  described  the  shape  of  one  aiul  the  snmo  species  in  different  terms,  meanin<7 
however  the  some.  It  is  i^uilti  ubvious  that  the  liner  shades  of  the  outline  of  a  fo&sil, 
which  of  oonne  has  not  an  oatspokea  aihape  aa,  for  instanoe,  the  genua  Solm,  must 

appear  difTerontly  to  the  rye  of  dilTcrcnt  oLservors,  and  what  One  might  describe 
as  "  transversely  elongate,"  tbe  other  might  oall  "  oval,"  and  the  third  *' elliptionl." 
Of  eonrae  in  *  genm{  aenae  these  terms  mean  the  same,  and  are  not  eapable  of 
being  numndeatood,  bnt  supposing  the  term  "  transversely  elongate"  has  been 
chosen,  how  are  the  varieties  of  shape  (n  tic  dr-scribed  wliic-h  are  alwny  f  n  )ie  ob- 
served wlienever  a  large  number  of  any  species  is  examined  ?  "  Sub-traasversely 
elongate^"  or  "  inuurersely  rah*eIongate,  "  are  deUghtfnl  in  their  meaninglesanass, 
but  all  tbe  same  they  might  be  employed;  but  beyond  this  the  language  is 
too  poor  to  express  the  finer  shades  in  Uie  v;triety  of  sliape  of  a  larec  number 
of  individuals  of  one  and  the  same  species.  Wo  may  at  one  extremity  of  the  chain 
luiTe  individnala  wUehare  perfeoUj  **  orbicular,"  while  at  the  otiier  end  are  speei" 

metis  which  are  "  trnnsvorfiely  clonffntf,"  both  hein^  c-nnm  cter]  hy  an  uninterrupted 
chain  of  links  whieli  pat's  imperceptibly  into  eoch  other.  In  such  an  instance  the 
tenidnal  Knka  may  be  styled  var,  orbiculitria  and  e«r>  elopgata,  but  no  terms  oaa  he 
applied  to  the  intermediate  links,  although  the  latter  aieof  great  Talne  in  judging  the 
range  of  variation  a  single  species  may  exhihit. 

If  it  wore  possible  to  express  the  shape  of  a  pulccypod  shell  by  an  easymathe- 
matiaal  formnlai  haaed  on  a  iiyitam  of  teotiUnew  eo>ordinatea,  the  slupe  of  eaoh 
species  and  its  varieties  could  be  nnmistakeably  expressed.  Tu  ray  knowledge  no- 
body baa  ever  made  an  attempt  in  this  regard ;  in  fact  this  system  as  applied  to 
Cephalopoda  or  Gastropods  has  rather  fallen  into  discredit,  because  its  praetical  value 
was  very  smalL  But  if  we  www  to  determine  the  general  outline  of  a  pdeoypo^ 
shell  by  four  pnintB,  being  the  termiinl  points  of  two  line^i.c*?.,  a  horizontal  antero- 
posterior one,  representing  the  greatest  length,  and  another  perpendicular  to  it 
passing  through  tbe  ombo^  the  general  outline  of  the  abdl  would  be  tnnriabfy  Used 
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b;  the  co-ordinates  of  tbeae  four  pointi.  I  wish,  boweTor,  at  once  to  say  that  I  do  by 
BO  IDBKDM  fteto  tbat  the  sbotro  ayttem  would  be  perfectly  saffident  for  the  deaorip* 
tioa  of  tho  shall*  at  aoy  amount  of  different  shapes  umy  be  drawn  inside  of  four 
fUrea  points  ;  I  villi  merely  to  poiot  the  diieotioa  vbich  researches  of  this  kind 
iii%ht  lake.  This  is  In  my  opim<ni  a  nut  field  hitlwrto  left  eotinly  iraseanhedt 
wbioh  promises  very  good  results  if  diligently  worked.  These  uotions  came  quite 
by  tbnnsolvi'8  wlicn  1  startfd  the  exnmination  of  the  Tertiary  fossils  from  Burma, 
and  wltcn  amoug  tlie  lurge  miUurial  at  uiy  disposal  I  fouud  numbers  of  well  pr«serr«. 
ed  Bpeoimeiw  of  one  and  tlie  sanie  epeelM  whkA  by  their  vatfat^  of  ebape^  partien- 
larly  in  tite  instanoe  df  Area  {Anomalocnrdta)  burncsl,  d'Arch.,  suggested  some  means 
to  determine  theae  Taiietiea  and  to  Ax  the  probable  limit  of  varietyj  as  it  is  quite  ob- 
Tioos  that  a  giTen  spedea  must  hare  limits  to  itsTaibbility,  as  otbenrise  it  would 
become  a  diderent  species. 

I  resorted  to  the  old  means  of  exi)rcssing  the  shape  of  oach  specimen  by  the  frnc- 
tion  L/Q,  L  being  the  greatest  length,  11  the  greatest  height ;  the  index  thus  ob- 
tuned  to  of  oonne  independent  of  the  lise  of  ^e  shell,  and  epedmeaB  of  largely 
different  sizes  may  liave  the  same  index.  Tliis  iiulox  is  also  a  very  reliable  guide  in 
the  description  of  a  shell,  as  a  short  reflection  into  the  limits  of  L/U  will  prove. 

It  is  obvious  that  if  L=:H,  the  index  L/H  will  be  equal  to  1.  Shells  having  an 
index  1  or  any  figure  more  or  lew  closely  to  it  may  generally  be  orbicalar  in  shape, 
though  of  course  this  is  by  no  means  the  rule  and  exceptions  are  frequent. 

Kow  let  us  examine  tbe  case  of  L  being  greater  than  H,  in  this  case  the  index 
win  be  greater  than  1,  and  if  we  imagine  that  L  oontinnally  grows  trhila  let  ns  for 
flie  miHuoot  :tssume  II  remains  constant,  the  index  will  necessarily  booome  laCgW  and 
larger.  I3ut  if  the  length  of  a  .shell  greatly  exceeds  its  height  we  have,  quite  inde- 
pendent of  the  absolute  measurements,  a  shell  greatly  stretched  in  antero-posterior 
direefeion,  as  we  may  say  in  the  direetioit  of  the  ahaeyise,  or  in  plain  words  an  elon- 

^nte  slipll.  J  htrgc  index  L'TT  inflir.'<h's  fh"rrforr  nlwut/n  an  elongate  ghell  indeperi' 
dent  of  apeciei,  genua  or  abiolute  measurements.  This  holds  good  in  either  case — 
whether  L  remains  oonstantand  HdeeTBases,orH  remains  eonsfont  and  L  inorrases. 

The  limit  is  of  course  »»,  a  ca-se  wliich  however  can  never  happen,  as  in  this  case 
the  shell  would  have  the  shape  of  a  line  without  any  height,  stretched  in  the  direc- 
tion of  the  abscyssa  The  value  must  theroforo  bu  and  it  may  safely  he  said  very 
limited.  In  $oj«m  for  iastanee,  whieh  most  probably  has  the  largest  index,  it  is 
generally  between  5*6  and  5'7,  and  hardly  exceeds  6  0.  We  mayj  therefore,  safely  wy 
that  in  all  Pelei^pods  having  an  index  above  1  it  osoillates  between  1  and  6, 

In  flM  aeoond  ease  L  being  smaller  than  H,  the  index  most  be  smaller  than  1, 
and  if  we  again  imagine  that  H  grows  qontinually,  the  index  L/H.  will  continue  to 
become  smaller  and  stualier.  But  if  tin-  length  of  n  shi-11  is  muoh  smaller  than  its 
height,  we  have,  independently  ui  absolute  measurements,  u  shell  greatly  stretched 
in  Tentvo-doisal  direoUoa,  or  as  w«  may  say,  in  the  direotioin<d  the  ordinate,  in  plain 
words  a  high  aholl.  A  wmM  Mex  LjR  indicate*  thettfore  «<nMf «  a  Hgk  lAei^ 
independent  of  apeciea,  genua  or  abtolute  meaanrementa. 

The  limit  is  in  this  case  of  course  0,  a  esse  which  ahio  can  never  happen. 
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because  the  shell  would  havo  the  sliape  of  a  line,  hut  tliis  timo  strclchod  in  the 
direction  of  the  ordiante.  The  value  of  L/iJL  miut  therefore  be  i^nrays  abore  O,  but 
unibrtanately  I  have  at  pioNDt  no  date  BTBilalilfl  wbidi  ii  likely  to  be  the  loveat 
limit ;  IwmTair,  this  does  not  miioli  inattiir»  bemosB  it  is  a  qnestfon  of  inferior 
importance. 

The  result  of  the  above  argumentation  is  that  we  are  to  a  certain  extent  able 
to  express  the  shape  of  a  shell  in  fli^mt,  hearing  in  mind  that  a  large  index  always 

fepresents  elon^^ate,  a  small  index  high  shells,  while  those  in  the  proximity  of  1  are 
more  or  less  orbicular.  The  two  first  rules  are  without  any  ezoeption;  if  we  found 
a  Trigonia  having  an  index  of  6,  this  apeoiea  would  have  a  very  elongated  shell  no 
matter  hoir  It  looked  otharwisch  and  if  ve  fooad  another  TrtgoHta  with  an  index 
0"1  it  would  hp  a  very  lu;,'hly  stretched  shell.  Shells,  however,  which  have  the  index 
1  may  be  triani^ular,  quadrangular  or  orbicular,  and  for  this  reason  the  index  LyH 
■lone  is  not  quite  snffldent  to  exprees  the  idea  of  the  shape  of  the  shell.  As,  how- 
ever, the  shape  of  all  the  species  lielonging  to  one  and  the  same  genus  is  one  charao> 
teristdc  for  this  sjenus,  the  uncertainty  is  less  than  it  would  njipt^ar  at  tho  first 
moment.  A  Trigonia  having  an  index  1  would  certainly  not  be  orbicular,  while  a 
PeefMNoalM  of  the  same  index  wmdd  eertsfaily  not  he  triangular  in  shape. 

Although  the  index  L,'n  cnnnnt  bo  consirlored  to  solve  the  problem  of  describing 
the  shell  of  a  Peleajpod  on  a  mathematical  basis,  it  certainly  affords  a  valuable 
assistance.  If  we  were  to  know  the  range  of  indices  of  all  the  Bpedes  belonging  to 
a  oertain  genus,  a  most  valuable  morpholoieieal  cliaraeter  would  be  obtained.  At 
present  it  is  of  no  iisi^  trying  to  determine  llic  index  of  a  species  from  the  fiijures 
given  in  memoirs,  where  it  has  been  described,  as  it  is  impossible  to  judge  as  to  the 
▼ariatum  of  the  index  iA  a  oertabt  speoios  from  an  isolated  sperinMn  or  figure  tmly  ; 
hat  in  any  case  where  there  u  plenty  of  material  of  a  qieaiee  this  featom  should 
not  be  overlooked. 

Whatever  the  value  of  the  index  L/U  may  be  in  generic  romrd,  it  is  certainly 
highly  valaahlo  for  exanUuation  of  tho  spedfle  variations  and  their  valoe  ;  in  fact 

in  this  regard  its  value  can  hardly  be  under  e<t'm:ited,  partienlarly  when  the  gmphio 
method,  which  will  be  presently  described,  is  applied. 


The  instances  servinc^  tu  iUi)>itrate  thia  method  are  fortunately  such  that  tlioy 
indlude  an  elona;at«  shell  exhibiting  a  lar?e  numlwr  of  varieties,  another  one 
similar  to  the  first,  but  a  little  less  elongate,  tho  index  being  nearer  towards  1,  while 
the  third  one  exhibits  a  small  number  of  varieties,  and  has  an  index  hardly  exeeed* 
ing  1,  and  in  addition  an  ineqairalve  spedes.  All  the  specimens  oome  from  the 
miooene  from  Burtun,  viz. : — 

1.  Area  {Ammalocardia)  bum^ti,  d'Arcbiao,  from  the  Farallelepipedum  tub- 
rmgomm  bed  in  the  Lower  If  iooene. 

S.  Area  {Anoimdocardia  theobaldi),  Noetliog,  fkomthe  Area  [AaoiK^oeardia) 
theobaldi  bed  in  the  Lower  Miooenei, 
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8.  Cfrmt  (BaUm)  erwqfiitdit  NocUing^  boa  the  Balitm  bed  In  the  Upper 

Miocene. 

4.  Cytkerea  erycina,  Linn^  from  the  Ofthtrw  erydua  bed  near  Piome  (prob* 
•My  Lower  Mtoeene). 

9.  Corhula  Huhcrassa,  NoofUnc;,  from  the  Area  {AmmtUtemrUa)  UMboUi 

bed  in  the  Lower  Miocene. 
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specimens  hnrc  hcon  arranged  according  to  size  in 
tbronj^b  tlio  tiguios  it  will  be  seen  at  once  tbat  abso- 
lute llM  and  index  L/tl  are  in  no  relation  wbatsoever;  the  large  specimen  ^'o.  0 
bM  m  indoK  of  1*36,  while  speobBen  No.  48,  whieh  U  of  nearly  the  aame  kIm.  baa  an 
index  of  l*&l;tbe  fintis,  tbercfore,  comparativclv  abort,  wbile  tbe  second  is  elon^te; 
it  will  he  further  seen  that  comparatiTely  young  specimens  may  have  a  very  high 
index,  wbile  othera  hafe  a  amall  one  only ;  for  instance,  No.  4&  baa  an  index  of 
1*56,  while  Kok  97,  whIeh  ia  onl70*S  mm.  smaller,  has  an  index  of  1*90.    Bo  far 

ibese  figrures  tend  to  prove  thnt  tbere  h-,  no  ijonrral  rule  with  rf^ard  tn  the  shnpc 
dwing  tho  time  of  growth  as  might  perhaps  be  supposed,  young  ones  being  more 
orbioolaT  than  Itall  grown  apecimeni.  Tbe  figiuea  aeem  rather  to  pvoTe  that  the 
tendency  to  form  tho  shape  of  tlie  sbell  is  devdoped  at  an  eariy  stage  alnady«  and 
is  retained  during  tbe  time  of  crowth. 

Another  feature  is  however  proved  by  tbese  flgmcfl,  and  tliis  is  a  groat  ten- 
denoy  towaida  Teibitioii,  wbieb  ranges  from  1*17  to  1*88.  We  have,  therefore,  two 
-  estsemc  Tari(ilir«,  one  of  uliicb  bns  an  almost  orbicular  slioll,  wbile  tlu>  other 
has  a  transversely  elongate  shell;  if  both  specimens  were  found  i.solated,  without  the 
connecting  links,  I  baTe  not  the  slightest  donbt  that  many  a  paleeontoloi^  wmdd 
ooasider  them  as  difTerent  8|>i>cics,  by  putting  too  great  a  stress  on  the  external 
feature,  tbe  tibape  of  t)ie  eircurufc  ronc-e  of  t]io  valvos,  nnd  yet  tiwse  tWOSpeeUDMIS 
an  only  the  extreme  ends  of  on  almost  uninterrupted  chain. 

If,  regardleas  of  die,  the  apeoimcDs  an  amoged  aeooidbig  to  tbeur  indioea  in 
aKi-cndinc,'  onler,  undorneatb  of  eaeb  indsx  tbe  nvmber  of  speoimienB  bdng  wiitten* 
we  obtain  the  following  table 


*  • 

111 

1*U 

ri9 

l-SO 

i-«i 

1-23 

14S 

l-U 

I'M 

Mumb«r  of  tgm 

1 

*•> 

•  • 

1-n 

1-SO 

111 

!•» 

l-U 

1-ai 

m 

IBMS 

s 

* 

a 

ae« 

1 

1 

1 

a 

4 
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1-38 

1-3B 

l-iO 

1-42 

1-4S 

1-44 

1-4S 

1-M 

Nnnbtf  of  IfMiwOi  • 

I 

1 

9 

r 

8 

1 

* 

1 

9 

Tni^PT  .... 

.... 

MS 

1-49 

1-W 

151 

1-S2 

t-<3 

1-M 

1-66 

1-M 

MautKr  of  apecimrDs  . 

6 

1 

9 

6 

1 

6 

8 

S 

Ittdn      •     •  • 

1  67 

1-6S 

!•«> 

I-6S 

1-M 

i-es 

1-M 

4 

3 

a 

1 

S 

1 

3 

lite. 

1117 

1«8 

•M 

Nanit>*r  of  uptciroi'ii* 

1 

The  above  chain  is  almost  uniutcrruptod  from  1*28  to  1*65,  there  bpinc:  only 
one  gap  Meh  9X  l^Sl.  1*09  and  I'M.  I  oonrider  tboe  gain,  howerer,  w  unimport- 
ant that  I  think  am  fully  justified  in  saying  that  Area  {Anmnalocardia)  bumeai 
lias  an  uninterrupted  range  of  variety  from  index  1'28  to  1'63 ;  in  fact  if  wc  disregard 
the  large  gap  at  the  beginning  and  thesmaUer  at  the  end,  we  may  say  the  amplitude 
extenda  from  1*17  to  I'fSSt.  This  gives  us  at  onoe  a  couTenlent  toale  to  expnw  the 
relative  size  <tf  the  range  of  Taxiationin  flgum,  whioh  arao(impBnUa,aiiuiii^sat 
each  other. 

In  the  above  apeoto  flie  range  of  variety  exteoda  orer  a  number  of  5S  indieea; 
we  may,  theiefonb  etpreai  tbia  \tj  a  single  si^a  such  aa  var.  52,  which  meana  that 

the  rantre  of  variety  extends  over  a  number  of  52  indices.  It  is  quite  obvious,  as  will 
also  be  proved  presautiy,  that  any  other  speeies  having  for  instance  var.  2G  only, 
extoida  oirer  a  amaller  nnraber  of  indieea»  ito  range  of  wietj  ia  therrfbra  anuUer ; 
we  may  in  fact  directly  compare  tho  amplitude  of  variation  in  two  absolutf-ly  dif- 
terent  speoies  by  saying  the  tendency  of  variation  of  species  (a)  having  var.  26  is 
onlj  baif  of  ibak  of  spedes  (b)  baving  var.  59.  This  ia»  bowerer,  of  snutllw  import- 
anoe;  the  chief  fact  is  that  the  above  method  giett  e  MiaMlesrf  mean*  to  exprett 
in  a  eoncige  Kny  the  amplitude  of  varuttion  in  any  apeclet,  ttifhotif  tifing  such 
vague  termi  a$,  variet  much,  variei  little  ;  auU  to  expreu  anjf  variety  by  an  index 
(pAioll  mof  onfy  fi»e$  A»  ptoM  of  <A#  •aritty  wHHOvlmgfy  in  Me  wMt  ranget  M  at 
the  Mtne  time  conveys  nn  iih:a  as  to  the  shape  of  the  pariehj. 

To  return  to  the  above  instance,  the  whole  feature  could  be  ezpiessed  in  the 
fidlowing  short  way 

1-S8  r  1 438  Bath. 

Tw.n  I  Avmt.{ 

1-17  (.1-444  nk. 

which  means  that  the  range  of  variation  extends  over  &2  indices,  the  smaller  of 
wUeb  ia  1'17;  in  other  words  oontito  eompantivety  orbieolar  abells,  wbile  tbe 
laigest  is  1*68,  including  thn  more  elongate  Tarieties.    To  thexigbi  of  this  might 

be  written  tbe  actually  eomputed  avoni^o  index,  wliich  is  always  dilTerent  from  the 
mathematical  average  index.  The  importance  of  the  average  index  will  be  explained 
farther  on* 

The  above  table  contains  some  other  NoudttUe  featasea»  irfiieb,  in  order  ie 
avoid  repetition,  will  be  explained  later. 
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2.  AROA  (ANOMALOCAKDIA)  TU£OBALDI«  NomiVflb 


8p«ciiD<ni  luting  botb  valre*.  {'        Iicft  v»We — cimtmuril. 


Height. 

l>«ii({th. 

IVH. 

1.  Uf7 

HUB. 

10*8 

Mb 

1'36 

Ma. 

U'S 

■Mb 

1^ 

14 

IM 

•t 

11*1 

■i 

140 

»  wn 

Mff 

H 

I'n 

Nt 

m 

■• 

140 

It 

1*87 

«.  IM 

» 

140 

n 

IIB 

1 

1 

It 

ISiT 

ti 

Ho 

4.  in 

H 

11*4 

1*43 

27. 

177 

i:i-2 

l.ii 

«.  M-e 

M 

i<r< 

•t 

137 

SH. 

170 

12-8 

1-31! 

«.  u  s 

» 

117 

w 

!•»  1 

10  3 

1* 

12-8 

H 

1-27 

r.  u-o 

107 

If 

1-30 

80. 

ISS 

p» 

111 

1-38 

S.  11« 

105 

» 

1S4 

SI. 

150 

11  1 

M 

1  35 

«.  M-* 

<• 

•> 

1-40 

t$. 

14-8 

I* 

11-8 

It 

1-87 

Ml  1M 

> 

to 

» 

1-14 

n. 

MS 

■• 

a* 

R 

yu 

11.  W 

« 

M 

m 

14 

m 

0 

» 

]■» 

M 

M 

u 

140 

u. 

IM 

m 

m 

N 

I-M 

u.  »r 

■• 

7-5 

It 

1-80  ' 

36. 

H 

9^ 

It 

1-30 

14  0-9 

M 

6-9 

t» 

1*84 

S7. 

121 

r* 

lO-l 

•» 

i-ao 

18.  83 

64 

If 

1-38 

ss. 

12  0 

»i 

(H3 

■• 

1-33 

IC  78 

n 

57 

M 

1-28 

86. 

118 

H 

9-8 

l> 

ia« 

17.  73 

n 

57 

•I 

l-2« 

40. 

US 

at 

91 

It 

IJO 

18.  87 

m 

64 

ft 

1-3S 

41. 

U-3 

« 

8-8 

n 

1-88 

18-  «•• 

» 

4« 

114 

M. 

IM 

90 

at 

1« 

K.  90 

n 

4« 

# 

i-a» 

4*. 

W 

•I 

m 

1-ar 

SL  «0 

It 

4« 

m 

I'M 

44 

M 

■ 

•r 

m 

i« 

c.  bft  vilra. 

44 

W 

«• 

m 

l-U 

».  24-8  ■ 

am. 

17-9 

m 

The  specimens  hare  agaiii  been  arruged  acoording  to  sise ;  and  in  goin^ 
through  these  figures  we  notioe  fhe  mne  feature,  that  the  tSm  of  the  index  is 
independent  of  the  absolate  sice  of  the  shell.  Tlieiwlai.  howere^  anoCiiflr  featote 
noticed,  though  not  with  ^ent  distinotnesa  ;  it  5*ems  as  if  fho  younger  specimnns 
possessed  a  smaller  index  than  the  older  onts,  in  other  words  that  during  the 
oMtlogio  stage  tlM  abell  had  a  mom  osbioiilar  shape  than  in  hter  atagei.  Ibia 
feature  would  be  of  8ome  dgnificanoe,  as  it  would  proTO  that  this  species  has  been 
derived  from  a  more  orbicular  species,  and  as  it  is  highly  probable  that  it  is  the  des- 
cendant of  Area  {Anomaloeardia)  burneti,  the  more  orbicular  varieties  of  that 
ipeolea  dflTdjiqiwd  into  this  on& 

If  the  indioea  an  anaoged  in  tlw.  saue  waj  aa  boiim,  tbe  folfanring  tabh 


faibt  .      .  . 

1-18 

119 

1« 

l-Sl 

1-n 

1-28 

194 

1-18 

r 

1-87 

MS 

NoihIkt  of  •peeillMBa 

1 

2 

1 

1 

1 

4 

4 

lodex    .      •  . 

I'se 

130 

181 

1  »8 

l'S8 

I-8I 

J-35 

1-38 

1-89 

Nnmlicr  af  ipHtaaM 

2 

5 

1 

2 

6 

1 

2 

•2 

O 

Indm  . 

1-40 

1-41 

1-42 

1-48 

1-44 

1-45 

14C 

147 

1-t.H 

1'I9 

1-50 

MaiBlMr  at  ifHtaUBi 

1 

f 

ladB 

181 

1181 

m 

1-84 

1-88 

IM 

i'8r 
1 

• 
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Tbe  ebain  it  almost  iiiiiiitRraiited  from  1*24  to  l*iS;  tbm  Uiog  only  two 
impt;  taken  as  a  whole  the  amplitude  would  range  from  1*18  to  1*57,  there  being  a  Urge 
pap  after  142.  Varioty  l  -'7  stands  thonfore  quit«>  by  itself  separnfrd  hy  n  wide 
gap  from  tbe  remainder,  winch  range  from  I'lS  to  1*42.  I  have  carefully  examined 
var.  1*07,  it  li  parfeotlj  pveMmd  and  oot  aqmabad  in  any  waj*  vkieh  ]nr* 
bap*  account  for  its  elongatn  shape.  As  it  is,  it  forms  a  solitary  instnnoe,  while 
the  majority  of  the  shells  prove  that  tbe  tendency  of  tbe  animal  was  rather  to 
form  orbienlar  tlias  elongate  abfUa.  Jt  var.  1*57  did  not  exist  the  TariaUlity  of 
thu  species  would  be  a  oompantiTOlf  mdbII  one^  as  it  would  only  be  var.  25,  'Oader 
thoaboTo  dicwmrtaiMwa  it  k»hoiieTer«  greater,  and  tbe  finmula  moat  be  wiltten — 

f  1-376  auth. 
U-IMcib. 

Tbe  comparifon  of  tbe  two  fomralaa  of  Tariety  of  two  apedH  ao  doadlf  sdatad 

as  Area  {Auomalocwrdia)  lurtimi  and  (heobahli,  tho  lattflC  of  wUoihia  IIMMitpnb- 
ably  the  descendant  of  the  former,  is  of  great  interest. 

In  tbe  first  instance  we  lee  that  tbe  ientooy  of  wiation  fa  mnoh  smaller  in 
Ama  (Anomaloeardia)  tieebaldithm  in  Area  {Anomaloeardia)  ftNriMst,  the  respect- 
iTO  fifTurrs  lining  Tar.  40  and  var.  52;  in  fart  if  it  would  not  be  for  tho  isolated 
Tar.  1'67  of  Area  {Aiumalocardia)  theobaidi  tbe  difference  would  be  greater  still, 
inaamaeb  as  the  flgvrea  w«fe  var.  S5  and  var.  61«  in  otber  werda  the  tondeney  of 
variation  in  the  first  species  would  be  half  of  that  of  the  second. 

We  further  see  that  both  specie*  occupy  different  positions  in  the  line  of  in- 
dices, a  feature  which  will,  howeTer,  better  be  explained  further  on. 


TiAlD   I  a*tnM 
1-U 


Si  Onni.  (Baima)  OBawmoi,  NoaUing; 


L»Tlgtl>. 

Length. 

T.;TL 

1. 

42^2 

□US. 

4T-7 

mm. 

Ml 

19. 

82-0 

nim. 

2;-o 

mm. 

111 

«. 

41-0 

It 

376 

»• 

1-09 

28. 

81-4 

M 

27* 

•• 

1-14 

8. 

40-7 

StI'S 

•» 

105 

24. 

31-0 

27-0 

ra 

118 

4. 

991 

M 

37B 

M 

108 

'  s:.. 

294 

•if.i 

1-11 

B. 

SM 

tf 

a*« 

•> 

lis 

1  l«. 

1»-1 

r 

Wt 

1-U 

C 

ta« 

m 

S6r6 

M 

1-M 

an 

n 

m 

n 

\m 

f. 

aro 

m 

IM 

m 

1«U 

li 

m 

m 

MO 

!> 

W9 

tt 

9»3 

» 

1-14 

SBf 

IM 

m 

Mtr 

9. 

M-3 

330 

H» 

'  9a 

87-0 

230 

117 

la 

30-2 

M 

n^s 

>» 

1 11 

81. 

86-9 

*% 

82-S 

1-19 

u. 

38-7 

I* 

.tat) 

Ml 

n. 

Sd-6 

99-3 

n 

114 

IS. 

3S-0 

»* 

32-0 

1  11 

as. 

24-8 

SU 

M 

1-lS 

u. 

84-5 

t» 

81-7 

li» 

84. 

i» 

Sl-fl 

•  I 

110 

14. 

m 

81-S 

n 

1-00 

St. 

ss-s 

* 

Sl-4 

■ 

Ml 

U. 

a*« 

u 

IM 

w 

rm 

ta. 

SM 

I* 

S0« 

• 

IS. 

» 

IM 

m 

lOS 

•r. 

nt 

M 

18« 

It 

I'U 

IT. 

n 

tO-0 

» 

1-14 

18. 

tt 

ir« 

n 

IDS 

ifl- 

340 

n 

32fi 

I'OS  ' 

39, 

W2 

»» 

17-S 

»* 

1-09 

l». 

33-7 

33-1 

100 

40. 

157 

n 

18  7 

»i 

1-14 

20. 

33-3 

»■ 

»-l 

1  12 

41. 

140 

n 

18-6 

f. 

lis 

SI. 

33-S 

• 

SCO 

m 

110 

4S. 

U-3 

l» 

ISi) 

tt 

1-10 

as 


5S  KOKBB  OM  THB  IIOBPHOLOGT 

Aibsfim,  fheipedoiemliaTebemamngedaooofdiiigto^  and  if  «v«r  it  li 

evident  tbat  the  indoi  L/H  is  independent  of  absolute  size,  it  is  in  this  initance, 
the  largest  specimen  hafing  an  inder  of  1*13,  while  the  two  smallest  have  1*18  and 
1*10,  respectively. 

For  further  diaoMalon  it  will  be  well  to  arrange  the  apealBMiit  as  beloMb  •!>■ 

cordiDg  to  sise  of  index ;  thia  giTwi  the  following  table : — 


Indo  . 

I'OO 

1-01 

1-02 

103 

1-04 

1-06 

1-oe 

1D7 

1-O0 

1-oa 

Motto  •(  ifMiaMB* 

1 

1 

1 

1 

1 

t 

s 

lain    •  • 

110 

Ml 

1 

113 

114 

1  15 

1 16 

117 

118 

l-M 

ItuniMrof  iiiKiBMBi 

s 

6 

i 

3 

5 

2 

1 

1 

1 

1 

ladex 

ISO 

I'll 

i-a 

Namber  nf  speciineni 

1 

We  see,  therefore,  that  the  chain  is  uninterrupted  from  1*05  to  1'19,  but  if  we 
diavagaid  the  amaU  fgKgt  wa  Tum  a  langa  from  1*00  to  1'2Sl  Tha  focmiila  of  vaiiatj 
of  thia  ipaoica  wwild  ilMietoa  bo > 

l-a  (VlOBtuth. 
Vv.n     I     Kraft  A 

inn  CMlOedc. 

If  compared  with  the  two  preceding  species  it  will  be  seen  that  Cyrena 
iHs)  erm^urM  poaieawa  a  mneb  sBBaUer  nnga  of  rwAAjt  and  that  it  ooini|iiea 
foita  ft  diSmit  pgaitioii  in  ibe  fine  of  indiflsa. 


4  OxiBBEiA,  BETonrA,  Ltand. 

JfiMfNTIMMllfe. 


a. 

i 

Logtb. 

Bogbt. 

L/H. 

Lcogtiu 

H«i|hk. 

im. 

t 

674  mm. 

4ar« 

19. 

M7  am. 

«M 

i-n 

a. 

•»*  . 

Mil 

m 

i-ai 

ao. 

M-r  . 

«M 

■ 

i-aa 

a. 

WO  » 

nn 

m 

i-a« 

aL 

m  „ 

«!•< 

»9  „ 

S78 

•» 

i-aa 

ai. 

S8<0  » 

MO 

134 

fi. 

too  „ 

t»0 

■* 

lat 

ss. 

ss-o  ., 

40-0 

187 

6. 

49C  ,. 

39'2 

11 

1-S6 

•i4. 

53-5  „ 

400 

131 

7. 

43-4  „ 

3«-8 

I'Sl 

S5. 

508  ., 

ss-s 

1-82 

8. 

47-0  „ 

367 

I'SS 

26. 

*»  S  „ 

87-8 

l-3t 

a. 

46-7  .. 

3S-4 

1-Sl 

*9-8  „ 

87-7 

» 

1-90 

10. 

Me  n 

see 

IJI 

18. 

47  7  . 

M-t 

■» 

1«81 

IL 

«-0  » 

H 

1-n 

aa. 

**  • 

aa« 

• 

m 

in 

aaa 

l-a 

a& 

aw  n 

ao-f 

w 

im 

la. 

II 

in 

81. 

n 

»I4 

M 

u 

48-0  „ 

n-0 

ft 

w« 

ta. 

IM 

29-7 

» 

!•» 

15. 

44-1  •> 

sr-s 

>l 

117 

3,!. 

314  ,, 

27-7 

.1 

1  81 

le. 

*2"4  „ 

1  80 

Sl'3  ., 

28-1 

'» 

1-29 

17. 

29-7  ,. 

1-82 

3411  „ 

134 

18. 

»9  « 

aeo 

M 

196 

ton  H 

i« 

1-S8 
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If  the  above  measarcd  speoimens  axe  acmogiel  aoooidiiig  to  tiia  liie  of  Ihe 
index,  tlw  following  table  will  be  obtained 


117 

118 

I'lD 

I'SO 

121 

in 

1-28 

lU 

l-U 

1-S8 

127 

1-38 

1-29 

1-80 

1 

3 

1 

1 

3 

S 

8 

1-n 

l%3 

134 

I-SS 

1'3S 

V37 

1S8 

l-3» 

V40 

1*1 

VvBber  of  •ptcimrnt  . 

s 

3 

8 

1 

8 

1 

1 

The  index  L/H  does  not  show  a  f»rcat  amplitude,  as  it  varies  from  1-17  to  1*11 
only;  the  mathematical  aveiago  would,  therefore,  be  l'2Q,  but  the  calculated  average 

It  will  b(!  sRf>n  that  the  chain  is  nearly  uninterrupted  betwei-n  1'25  and 
1'87*  and  we  may  take  it  that  the  largest  number  of  specimens  will  have  an 
mdox  wSSax  fluse  limits ;  those  having  a  amaller  and  higher  index  an  ao 
fair,  tiMt  wo  may  consider  them  as  ran  ozceptions.  It  will  he  seen  that  fur 
the  j^^test  number  of  specimen^  pis.,  15  or  41'6%  of  the  total  are  grouped 
between  the  indices  1*80  and  1'83,  that  is  to  say,  around  the  calculated  average 
index,  a  £mI  irhiek  is  qnite  in  hatm<tty  nitii  tbe  leaoK  oMained  f rom  tiie  aln^ 
of  the  varieties  of  other  species.  The  above  figana  aeon,  however,  to  indicate  that 
the  tendency  of  variation  ia  more  towards  the  deTaHofinent  of  more  orbioolar  than 
of  elmigate  specimens. 

Ibo  fbRBoln  of  nuiatioa  Ao«ad,  ibenfbnb  lie  wi^^ 

141  r  lHOnaUb 

I'V  I  14IBMb. 

6.  OoKBUiA  8O0IAU8,  Martin. 
MBABonuuim. 


a.  SiyU  Mlvt.  b.  Lift  talv*. 
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«. 
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77 
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». 
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7. 
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n 
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8. 

IM 

Sfl 
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8. 
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80 
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9. 
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9. 
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u» 

• 
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The  study  of  the  index  of  variation  of  this  species  soems  to  indioftte  that  both 

TalTes  of  an  incquivalvo  shell  difTcr  in  their  desrree  of  variability,  wliile  no  such 
featore  ia  observed  in  equivolre  shells ;  it  will,  therefore,  be  well  to  ooniiider  both 
valm  aepantely. 

(a)  Bighi  valoe.^Ji  amagad  Mooidiog  to  fhe  aiw  of  flia  iades  tbe  following 

table  is  obtained  : — 


•  • 

Ill 

1-a 

11» 

180 

1-31 

13S 

l-SS 

IM 

1-88 

IM 

:s7 

198 

l-» 

1 

3 

1 

1 

•  • 

ito 

1-41 

1-43 

1-44 

1-4S 

l-4« 

1  47 

1-48 

1-49 

1-SO 

1-52 

18S 

1 

s 

1 

1 

1 

1 

1 

1 

1 

Index 

1-6S 

l-M 

1«7 

1-S8 

1-n 

l-M 

1-61 

1-68 

m 

i'e4 

i-et 

168 

1-67 

l-«8 

KuOQIx'T  of  h'.-f 

J  Aliens . 

1 

... 

1 

1 

It  will  be  seen  that  the  amplitude  of  tbe  index  L/H  ia  rather  a  large  one, 
extending  from  1*26  to  l<68t  but  tbe  obun  odiibito  frifiiaBt  and  aometimei  large 
ffUffH  I  an*  however,  eonriaoed  that  they  are  obieflj  doe  to  tile  insufficient  number 
of  apecimens  1  could  examinn  ;  disrog'ardiniT  these  gaps  the  avomge  index  would  be 
l*4fi5  and  tbe  actual  oalculat4}d  avcrago  1443  ;  there  is,  therefore,  a  considerable 
^eienoe  between  the  two  •  it  b  however  notoworUiy  that)  oontwrj  to  tha  obior* 
vations  made  in  other  species,  the  majority  of  specimens  dOflO  IIM  gNUp  MPOOIld  Oir 
between  these  figures  ;  the  variation  formula  is  therefore  ~ 

1-466  1 


Ttt.4S 


rs»  / 


•    (b)  Xr;^  vafw^Tha  ahoifa 


gin  tiMfoOowing  tobia  for  thia 


lain      •      ■  >! 

1-4S 

1-4S 

l-U 

1-46 

l-4« 

1-47 

1-48 

1*40 

l-SO 

1-61 

1-69 

1-6S 

1-54 

1'8« 

l-M 

NvinWr  of  •pMlmrDi  . 

«> 

1 

I 

1 

1 

1 

9 

lain 

157 

1  5S 

1-59 

1-60 

1 

1 

168 

l-M 

s 

1-66 
1 

1-66 

1-67 

1'6« 

l-6i» 

170 
1 

Vtin 

1-71 

172 

1-78 

1«T4 

i-fs 

1-76 

11-77 

1-78 

1-79 

181 

•M 

VadNr«(  tgmimim . 

1 

•a. 

1 

So  far  as  can  be  judged  from  these  fii^ures,  which  owing  to  tho  Inrgeand  fre- 
quent gaps  migbt  be  considered  as  not  suihcient  to  draw  any  conclusioDB  from,  the 
amplitude  of  the  index  L/H  is  a  large  one,  ranging  froml'48  tol'81;  tbe  mathema* 
tioal  atorage  would,  therefore,  be  1'605  and  the  calculate  done  1-682,  tbe  former 
being,  as  in  the  right  Talfe».alightly  laiger.  The  formula  of  Tariation  abooIdL  tbeie* 
tan,  be  written — 

181  (  I'SWlMtt. 

Now  if  the  formulse  of  both  valves  are  compared,  some  remarkable  features 
are  at  once  noticeable^  which  are  probably  not  morel;  aocidentaL  In  tlie  first 
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instance  we  seetbttfhe  amplitude  of  variation  is  nearly  the  simc  in  both  valves,  it 
being  var.  H  and  Tar.  40  respectively  ;  but  it  is  further  unquestionable  that  the 
•aqplitadaof  tlierigMtBlveinelndMHiialhT  mdioet  tliaii  tbat  oftiie  kffc  Talve, 
Ib  oUier  windi  Mw  left  valve  of  tbb  apeoin  li  gaacial]^  moM  olangate  thaa  the 
li^t  one ;  Am  aYaiage  indices  being— 

Siffit  m/w.  Lrfl  va'rf. 


The  difference  in  the  shape  of  the  valves  is  exceedingly  well  illustrated  by  the 
above  figures,  and  I  queation  whether  it  would  be  possible  to  express  this  diOereooe 
in  a  diBiw  and  eoncMm  way. 

If  on  tho  basis  of  the  above  flexures  both  valves  are  talen  tOgeUief  aa  in  wpd' 
ralve  sheila,  the  formula  of  variation  would  be : — 

wi 

Ttf.  ai  I  A< 

Ml 

It  may,  however,  be  questionod  whether  thia  way  of  daicribbg  the  variabilis 
of  an  uequiTaltie  shell  is  jostiflable. 


1  llMadc. 


m^-CONCLUSIONB. 

The  above  instances  would  be  quite  sufficient  in  support  of  my  view,  that  the 
shape  of  a  pekcypod  shell  and  its  delicate  and  minute  variations  can  to  some  degree 
1m  enptewed  better  by  figure*  {ban  1^  woida.  This  flgnrei,  the  index  I^H,  is  per. 
fastly  Boffliolent  Id  eonTey  an  idea  aa  to  the  tendency  of  variation  witbin  the  Umita 
of  one  and  the  same  speciLW,  and  t1u>t  it  serves  to  determine  in  an  unmistakable  way 
a  given  variety,  and  that  by  mean^a  of  it  we  are  able  to  exprc&s  the  amplitude  of 
Tariatkm  in  a  abort  formnb  wbkh  admita  of  no  Diala]n»  and  whiob  attheaametime 
admits  the  compai-ative  stsdy  of  tho  variation  of  two  different  species. 

It  will,  however,  be  particularly  illustrative  if  the  graphic  method  is  applied ; 
a  number  of  features,  which  are  not  so  oonspioaoaswhen  eipreaaud  by  figures  only, 
are  at  once  noticed.  For  this  purpose  the  indices  were  written  on  tho  abscisse,  from 
left  to  right,  bef?inmn;T  ^yitb  l-OO.'  Tho  number  of  specimens  ha^^n<^  the  same 
index  wore  entered  ou  tho  ordinate,  and  by  this  means  a  curve,  which  might  be 
dengnaled  the  '*oarvaof  variatioa,"  was  obtained  whioh  aUowedtoaeeal  sglioieeall 
the  features  of  variation  of  a  given  species.  A.  few  theoretical  oonsideiatioos  will, 
however,  be  useful  before  going  into  details.  It  is  obvious  that  if  all  specimens  of  a 
oertain  species  had  the  same  index,  that  is  to  say,  if  they  were  all  exactly  alike  and 
BO  variationa  flKiated,  Ilia  oorrn  of  varuvtion  wodd  bo  a  atnight  line  in  t^ 
of  the  ordinate ;  while  if  all  had  a  di'ft-reiit  index,  that  is  to  say,  if  (bey  wore  all 
different  in  shape,  the  ourvo  of  variatioa  would  be  a  straight  line  in  tho  directiou 
of  the  aibeiaae.  The  Batter  and  longeir  therefora  the  eoive  of  Tariationa  is  tha  laigor 
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is  the  ntunlMr  «f  TuietiM ;  the  higher  and  ahortK,  the  unaUBr  is  the  uomber  of 
varieties. 

PdKllier,  ihe  podtioa  of  the  cam  wQl  ai  onoe  riiow  the  geneiil  dhape  of  Ibe 

sbell,  whether  nn  elongated  or  short  orbicular  8hl|M  k  pradomiDailti  and  in  whioh 
direction  the  tendeucjr  oC  variation  ia  larger. 

After  this  ttmak  wo  nay  go  into  epeeial  eases;  aad  as  the  fiiat  iostanoe  Area 
{AHomahcarJio)  hurnesi  may  be  taken.  It  must  of  course  be  understood  that  tiie 
enrre  asdepictL-d  is  only  approximntoly,  and  that  certain  features  which  may  appear 
as  details  are  only  due  to  the  insutilcieucy  of  material.  I  have,  for  instance,  not  the 
slightest  doubt  that  the  gape  at  the  begiimfaig  or,  eaj.  at  1-59  or  I'fl*  woald  be  filled 
ODt  if  tlie  matt^riril  was  only  double  the  nnmber.  I  have  further  no  doubt  that 
laountB  at  riS,  1'-19,  l  o3,  etc,  would  be  filled  out  if  more  material  eould  lie 
emnined ;  ae  it  is  we  must  be  satisfied  with  an  approximate  line  only,  which  is, 
hmrerar,  of  snlBcjent  interest 

The  ourrc  ri-<(>s  very  slowly  frnm  117  to  1'36,  whioh  indicates  that  rarieties  of 
the  orbicular  type  are  rather  rare  ;  from  1*3C  to  1*89  there  seems  to  be  a  drop,  of 
whioh,  howefer,  I  am  not  qofte  smevhettier  it  really  ezlrte  <»  is  only  doe  to  insuffi- 
ciency of  material ;  if  the  bulfring  out  of  the  curve  at  1*30  really  existed  it 
would  mark  an  interosfiiii'  feature,  as  it  would  prove  that  certain  varieties  are  very 
regularly  and  frequently  developed ;  however  that  may  bo,  it  is  4^uite  certain  that  rather 
a  sadden  rise  takes  phMie  from  either  1>36  or  1*89  to  1-40^  and  that  a  bigemunher 
of  specimens,  22  or  21-3  por  cent,  of  the  total,  group  themselves  around  l*iO,  1*41, 
1*42 ;  from  here  the  curve  begins  to  drop  ;  it  is  not  quite  certain  whether  suddenly 
or  no^  but  it  is  quite  certain  that  it  drops,  and  that  it  extends  over  a  oonsiderahle 
length,  and  tbaittiierntae,  the  drop  blBHiaddentiiantherise;  Oe  amdyais  of  the 
ourve  therefore  proves  that  the  number  of  varieties  below  110  is  nther  small,  htit 
that  thqr  are  extended  over  a  oonsiderahle  length,  that  those  above  l'i2  are  more 
numeroos  but  also  extended  over  %  large  space,  and  that  tiuse  from  1*40  to  1'4A  are 

massed  togotlier,  nearly  one-quarter  (Sl*8  per  cent.)  of  the  total  number  fallingunder 
these  indices.  If  we  examine  the  avenig;e  value  of  the  iudex  L  H  wc  fiiul  that  its 
mathcmetloal  value  is  1*425.  Is  it  not  a  retmrkable  feature  that  most  of  the  tpeci- 
HUM  oM  pnHQMii  ofOMNf  th§  «9«ro^  M«9 1  The  ewe  ahowi  foflier  by  its  nn* 
symmetrical  feature,  it  being  longer  towards  the  higher  indices,  that  that  l6nden<7 
Jiroa  {Anomaloeardia)  bumeii  is  rather  to  develop  elongate  than  orbicular. 

In  the  next  apetdes  Atta  (^neeiflJoeiBnUe)  iiatMdi,  we  see  rather  a  diffiarent 

curve  ;  we  notice  at  once  that  it  has  shifted  fvirtber  townrds  left,  tli:it  is  to  say, 
that  the  tendency  of  variation  rather  inclines  towards  the  development  of  orbicular 
than  of  dongatovarieties.  Ihe  enrre  riies  slowly  up  to  1*30,  and  though  there  is 
lacuna  at  I'Sl,  1'32  and  I'SS,  I  have  no  doubt  that  they  are  only  due  to  the 
insufficiency  of  the  mat<;rial ;  from  1*34  it  begins  to  drop  towards  1*42,  and  from 
there  very  slowly  towards  1'58. 

If  the  areMge  value  of  the  index  is  oompnted  it  will  be  seen  that  it  amoonts  to 
r375,  that  ia  to  aayj  at  « |ilaoe  whioh  ia  only  oeonpied  ^  »  few  apednwns;  |f, 
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howeter,  tho  average  is  computed  attar  aaussion  of  var.  1*58,  the  number  is  1*30  and 
indioates  the  place  of  highest  bulging  out  of  tbc  curves  and  which  nearly  coincides 
iriili  the  calculated  aTengeindas  1*824 ;  it  is,  therefore^  again  the  same  feature  as  we 
hm  oliMrved  in  the  fbnner  apeeiM^  aadw.  VBB  wnat  beoonaldeied  aaan  ammialy, 
poriliia  an  atavistic  element 

It  la  certainly  noticeable  that  ^rca  {Amomaheardia)  theobolit  Aon  its  chief 
4«ido||nient  in  tbat  partof  tiie  indflK«line  where  Area  (Anomaleeardim)  iuntd 
tikum  Us  minimum,  except  for  the  remarkable  bulging  oat  at  1'86.  It  is,  theteAmk 
very  probable  that  Area  (AnomaJocardia)  <Afloftaid»  has  developed  from  the  more 
orbicular  varieties  of  Area  {Anomalocardia)  bmmen  considering  how  nearly  related 
fliis  qpeeiea  aie.  lUiTisir  nugr  be  farHier  atoengtbeiMd  bj  the  fiot  that  in  the 
naale^  atege  Atca  ( JeoaialawiwWa)  iieobMi  k  maaSij  man  orbieiilar  flmk  at 
later  stages. 

This .  obaemlion  aeems  to  indioate  another  direstioa  in  which  the  study  of 
flie  eurve  of  variation  may  be  el  gnat  valae.  Any  eomwUeheshlbitaaBimgiiP 

lar  course,  in  wliioh  there  ia  a  strong  and  siuldon  bulging  ont  at  different  places,  in- 
dioates that  there  are  oertain  varieties  which  are  developed  in  preference  to  others. 
VayaflittcaeTaiieliea  {^'KrOito  aewipeeiei  in  lateratiata?  It  mmld  be 
oactualj  well  worth  following  up  this  line  of  reeearoh,  alliuMigh  it  ia  lailier  a  diffi- 
Cnlt  one  and  requires  plenty  of  material  for  examination. 

The  curve  of  variation  of  Cyrena  (B<Uma)  cratofurdi  is  a  very  simple  one^  in  faot 
itieeiBB  tint  we  have  here  a  qieeiea  wUeh  haid^  ievdepa  any  tendenoy  towarda 
rariation ;  the  curve  remains  very  flat  up  to  1'07,  then  there  is  a  certain  rise,  and 
between  1*08  and  1*11  there  are  80  specimens  or  71  per  cent  of  the  total  number 
massed  together,  from  there  it  drops  again,  and  varietiflS  above  1*14  are  aa  soarce  as 
fhoaa  below  1*08.  She  average  index  1*11  falls  right  into  tiie  middla  of  the  laife 
mass  1*08  to  I'll ;  we  would,  therefore,  have  again  tho  same  feature  as  noticed 
helow :  the  majority  of  specimens  are  grouped  around  the  average  index  L/  U. 

It  mtyboremailBed  that  Am  curve  cf  thb  qpeolei  babig  atiU  fortitev  to  tiM 
left,  indioatea  that  we  have  aqieelai  the  genanl  oatiine  of  whieh  is  moie  or  lam 
orbicular. 

The  above  remarks  have  certainly  proved  the  value  of  the  index  LJR  with 
legud  to  die  atn^y  of  the  veitoHea  of  a  certain  q^eciea,  and  that  veiyfpMd  and 
aiaelnfife  neoltB  nijbe  oMiinad  bf  tte  gnphioal  meUiod. 
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Snip«i*s. 
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(siwM  I.  ui,  V.  VI,  vai,i 

CnUCKOUB  VkWA  OF  SOUTBKRN  IKUIA,  iv  i.  "^11  rTTI. iinpl Tm  T,  Fl  1. 1|  II  j 
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„    IV,  pp.  Kvi,  a$4'66,  pla.  »6  <8  douUa)  (I— XXV  tU— XIV A).   Ft.  1  (18811.  FoMil  Flon  ot  (iMSaatb  Knrak 
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•  mil.>.(iP4>  ni tnMMMii a       ly J« W.  OMwwr. ij >li. t, 

(s»Riii»  rv.) 

INDI.O'  PliK  IKKJUKV  VKIITKHIUTA. 
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▼oi.        I.   Rejtl  S«s,  pp.  tO»,  ISM  (•«!  •/  priat).   Pi.  1,  ISSS  (pri^  I  H*.)  i  Pralimlaar}  makUn  ou  Ui«  Cwl 

Iran  of  TaleKir. — On  th*  (|*»loffi»l  itrutar*  tad  iwlulani  of  lk>  Tklcliir  Ca«|.a*ia.— Uald.;l«Uiiic 
dcpMlt*  of  Uppsr  Aiaia.— On  ipwiownt  of  »ni  (old  dnit  from  8hat-f  wmb.  Pt.  t,  ISS8  (pru* 
1  lU.) :  On  tbi  fKilogirm]  •Iractorr  of  *  portion  of  the  Khui  Hilb. — Oa  tlw  |«olngie*l  •tnu-tor*  ai  Ui« 
NU^Iiiri  Hkllt  (M>drM).  Pt.  3,  lUV  Iprirt  t  Ut.U  Un  tk«  (•oisgiml  itraetaro  kixl  pbjilctl  fratnm  of 
th*  Dukrietaol  Bankan,  Midaapora.  ud  Uruu.— Ob  thi  UUriU  of  OritM.— On  aome  foaail  il<h'ii.ack  of 
Um  gaann  CmMdn*,  Inm  Mtitii,  aoath  of  Najrpnr. 

ran.  II.  Kojcl  8ve,  pp.  Ml,  lUB  («■!  ^  ffmt).  Pt.  1,  1860  {frin  t  Rt.)  i  On  the  VindhiM  Rorka,  ud  tbrir 
•nsaiklM  kn  Bna4*U(aDd.  Pt.  S.  VUO  Iprit*  8  B«.);  On  tli*  gMtotioiI  itnetar*  of  tli«  central  portion 
•r  tk*  Hcriiaddn  Diatiici.— On  tb«  latKiiy  uid  nllarkl  daponiU  of  th«  ctntrml  pwtlon  at  tlia  NVrbodds 
Tan«f .— On  the  gMtofieal  nlitioH  nal  probnbli  inologia)  aga  of  tk*  MTonil  ajatcaa  of  roeki  In  L'ontnl 
lodia  and  Deagml. 

Tot.      III.    Bojal  8«o,  pp.  4U.    PL  1.  IBS!  ( f  rw«  8  R«.) :  («•<  vT^af  ).   On  tb*  gnotagkatatTacton  and  ntetioa*  of 

tbo  lUnigaDj  Coal-iald.— Additional  Keaarka  on  tlic  g«»la(tieal  raintiona  and  prnbaVU  gMlcyleal  t«t  of 

lha  —tmX  a;at«u  of  ro^l  in  Coatral  India  and  BontpO.— Indka  MiMnl  StatlltiM.  I.  CaiL    PU  S.  MM 

{priet  S  B&) :  On  tba  8«k-Hlia<la;aa  Rang**  batwam  tha  Oangta  and  Bari. 
Tofc.       IT.    Royal  an,  pp.460.    Pt.  1,  1888  (fric«  1  Ra.):  Report  w  tin  Cntogeona  Rockt  of  Trlrliiiuipoly  Diitiict, 

Madraa.    Pt.  {  1864  (prirt  3  lU.) .   (oa(  «/  ^aO.  On  tk<  (tnwtnn  of  tba  Diatriru  ul  Trirhluopolf, 

Salaa,  ate.   P(.  8,  186t  (prirt  1  Bo.) :  Un  tbr  Coal  of  Aaaain,  ate. 
ToI>  Rojal  8to,  pp.  8M.    Pt.  1,  lS6e  (/Hm  3  Ra.):  («•!      /n'af).  Beettoaa  acnaa  K.-W,  Hinillaya.  froiai  SntUj 

to  Indna.— On  tba  Ojpanm  of  Spiti.    Pt.  t,  IS86  (jniet  1  Re.)  i  On  tba  (ieolo^jt  of  Bombay.    Pt.  8,  188S 

(  priet  1  B«.)  1  (aa(  ^ priti).  On  Ibe  Jharria  Coal-Md.— Oaolegieal  Obeerrttiana  on  Waatom  Tibet, 
vi.   Royal  8ro,  pp.  S9&.    Pt.  1, 18<I7  Iprie*  8  Aa.)  :  Oalb*  Maighbmttbood  of  Lynyan,  etc.,  in  Slnd. — Oaatacr  of 

a  Fbrtton  of  Cntcb.  Pt.  8. 1867(rr<<»t  Ra.)i  (tmt  ^  fHuf)  t  BbUro  Coal-ield.— Rdafarb  Cbal-I^— 

Trnpa  of  Waat«n  and  Cantral  India.    Pt  1,  1868  {prie$  8  Ha,  8  Aa.).    Tapti  and  Narbndda  Vallaya.— 

rrog-boda  in  Bombay.— Oifjr'oanu  pmiUtiu. 
ToL     TIL    lUyal  8ro,pp,3i8.  P«.l,llM»(^nM  8  Ra.);:  Vindbyan  Sanaa.— Uiaaral  SUUatiea.— Coal.— Sbillonf  Platean. 

Pt.  1.  1870  Iprit*  1  Ba.)i  Karbarbiri  OMi-tald.— Deeghar  Coal>l«ld.   Pt.  8,  1871  (priet  1  Re.);  Adra 

TTatM-aapply.— Kiranpara  Coal.flalda. 
Tai.   Till    B>y^1  Sto,  pp.  US.    It.  1,  1878  (>rM»4Ra.):  On  tba  Kadtpab  and  Karnnl  ForniittKHia  la  tba  Madraa 

Proaidaacy.    Pu  8. 1B73  {pne*  \  k*.)  :  Itkbnri  Coal-teld.— DaltonnnJ  Coal-tnld.— Cbope  Caal-iald. 
Vol.       IX.   Boyal  Bro,  pp.  ii,  888.    Pt.  1.  1878  (prici  *  Ra.) :  Geology  of  CuUh.    Pt.  8.  1878  (^ri><  1  Ba. ) :  Oaalogy 

of  Hagpar.— deoiogy  of  Kirbaa  lllll.— Carbaoiraroaa  Amnonitea,  pp.  M. 
VaU        X.    Royal  8<ro,  pp.  849.    Pt.  1  (prie*  8  Ra.)  !    Oeelogj  of  Madraa.— 8dtpura  Coal.baaia.    Pt.  8,  1874  (j>nM 

8Ra.):  Ofologyof  Pegn. 

Tob       XI.   Royal  8>o,  pp.  888.    Pt.  I,  U74  (priet  8  Ra.)  i  Oeelogy  of  Diijaing  and  Wattern  Dnara.    P|.  8,  1S76 

(friet  8  ita.):  Salt-region  of  Xobit,  Traat-Iadaa. 
Tot.     ZII.  It*y>)  Sto,  pp.  80*.    PL  1,  1877  (/riae 8  Ba.}i  Soatb  MabritU  Cenntry-   Pt-  8. 1876  (fritt  8  Ra.)i  Coal* 

iatda  of  tba  Miga  Hilla. 

Tel.    XIU.   Boyal  Sto,  pp.  S48.  Pt.  1. 1877(rruv  8  Ra.  8  Aa.)  :  Wardha  Tallay  Coal-tald.  Pt.  8, 1877  (^'ee  8  Ra.  •  Aa,): 

Qeolocy  of  the  lUJ  mahil  U  ilU. 
Tot.    XIV.    Royal  8T0,  pp.  818,  1S78.    anubgj  of  the  Salt-range  ia  tba  P«^b. 

Tot.      XT.    Royal  8vo,  pp.  198.   PI.  1, 1878  (priet  8  lU.  8  Aa  )  i  Ooology  of  tba  Anrangn  and  Hntdi  Coal.8elda(PalaBa»). 

PL  8. 1880  (priet  I  Ra.  8  Aa.)  :  Rtmkola  and  Taiai«ni  Ooal-ftelda  (Sirgn». 
Tot.     XTI.    Royal  8eo,  pp.  Sfti.    PL  L,  1878  (priet  1  R«.  8  At.)i  Ooology  of  Raatern  Coaat  from  l.at  IS*  to  MunllpalaB. 

Pt.  t,  IHSO  (*r<e*  I  B«.  8  Ak);  The  Nellon  Portkia  of  the  Caniatic.  Pt  8,  1880  0>r<M  8  Ua.)  i  COaatel 

region  of  lb«  Qodarari  Diatrlot 
Tot.    XTII.    Royal  8ro.  pp.  80S.   PL  1, 1879  (priet  8  Ra.)  :  Ooology  of  Wailm  81iia.  PL  t,  ISSO  (priet  8  Ba.) :  Trua- 

Indna  eatoaaion  of  Ube  Punjab  ^t-rangf. 
Tot.  XTIII.    Boyal  8ro,  pp.  800.   PL  1,  IBAl  (friti  8  Ba.) :  Soatbfra  Afgbanlataa.   PL  I,  1881  ( prirt  I  Re.  8  Aa.) 

(<■(  0/  pnmt) :    Minbbum  and  Singbbbnm.    PL  8, 1881  (prif  8  Re.):  PiiahiU-aodirari  Taller. 
Tot.    IIX-    Roya'  8to.pp.8»S.    Pt.  1,  1888  (friee  8  Ra.)  i  Tbo  Caakar  BMrth^nak*  of  1868.  Pt.  8. 1881  f^riW  I  K«.). 

Tbemulapringa  of  India.    Pt  8,  1883  (pnea  1  lU.)  i  A  cntalogQa  of  LadUn  Baftbquake*.    PL  4,  1888  (pru« 

I  Ra.)  :  Qaol(«y  of  parU  of  Uanlpar  and  tba  H dga  ntlla. 
TOI.     XX.    Boyal  8to,  pp  8*0,  PL  I.  1888  ipWee  8  Ra.  8  Aa.):   OeotogT  of  Madam  and  Tiim«r»lly.    PL  8,  18S3 

(priet  8  Ki.  8  Aa.) :  Qeologienl  notoa  <m  tba  hUla  in  Ike  BtigBboarlMod  of  tke  Sind  and  Paajab  Prootiar 

between  QaeUa  and  Dara  Ghaii  Kbau. 
Tot.    XXL    Boyal  8to,  pp.  888  (aaf  »f  pritt).  Pt  1, 1884  (prietl  Ba.) :  OeologT  of  Uia  Lowar  Nerboddn  Valley.  Pt  8, 

1884  (priet  1  Ra.)i  Oeohlgy  of  Kalktaarar.    PL  8, 1885  (rria  8  Ba.)  i  Coal-AeU  of  Soatk  Renb.    Pt  «, 

IB8S  [priet  I  Ra.)  i  Barren  ItlaiMi. 
Tot.   XXII.   tUyal  8ve,  pp.  844, 1888.   Tbe  Oeology  of  Kaabmlr,  Chaabiw  "d  Kbagwi. 
Tot.  XXIM.   Royal  Sro,  pp.  888, 1801.   Qaology  of  tka  Cealnl  HiiailayM. 

Tot.  XXIV.  Boyal  8n>,  Pi  1, 1887  (priet  I  Ra.  8  Aa.) :  Tbe  Soatbera  Coal-S«U<  of  tka  8<t|Nm  Oondwina  Baain.  PL  8, 
1880  (priet  8  Ra.  4  Aa.) '  Pbyiksl  Oeolngy  of  tbe  Bub-HimAaja  of  Onrbail  and  Kumana.  Pt  8,  1880 
( ^n'ee  1  Re.  4  Aa.)  i  Qeolag y  of  Soalh  Malabar,  betwaan  tka  Export  and  FUnUt  Rinra. 

Tot      XXT.  Bejal  8«o,  180&   Qaology  of  tba  Bailaiy  Diatrict,  Madraa  Pnaidanry. 

ToL.    XXTI.  Royal  8«>,  188&   Qaolagnr  oi  Haiam. 

Tot  XXVll.  BoiTil  Sea  Part  1,  1889  (priet  I  Ba.)  i  Marina  Foaalla  from  tbe  Mjoeeaa  of  Uprer  Barma.  Pt  8;18»7 
(pnet  4  Ra.)  i  Oceotraaea  of  PatroWnm  in  Bnmn,  aad  ila  lachaleal  aploilation. 

Tot.  XXTIII.  Boinlj  8vo.  pL  1, 189B  (price  8  Ba.) :  Kotea  on  lb*  Oeolagieml  Sttoetan  of  tka  Cbltlebvn  region.  A  aoU  on 
tba  Allab.bBEd  in  tbe  north-miat  of  tba  Bona  of  KneU.  Ooology  of  parti  of  the  M}ln|;.«aii,  Magwa  and 
Pakokka  Diatricta,  Baraia.  Tba  6aok«T  of  tka  Mikir  Hilla  In  kmut.  Oa  tba  GooIoitt  of  Ti'«li  and  tba 
Batdr  Tallay.  Fart  1, 190O  (friet  %  :  Tba  ChamockiU  Sariea,  a  greap  of  AttbiMD  Uy|vr*tb  me  llifka 
In  Peainaalar  India. 

TeL   XXIX.  Boyal  Sro,  IBOO  ipriet  5  Ba.)  t  Report  on  tba  Qreat  Kartkqaaka  of  lltb  Jinie  1897. 

Tol  XXX.  Boyal  8<o,  Pert  I,  1IHX>  rpi-i>e  Z  Ba.)  i  A fUrebaoka  af  tka  Oraat  Earthquake  of  18lb  Jane  1807.  Pt.  t,  IMO 
(prirt  1  Re.)  I  Gc<>lu«T  of  tbe  ndgbbotubood  of  fialoB,  Madna  Pnndmcjr,  witb  eperlal  rffareoat  to 
Lreelunault  ilc  la  Toor'a  rtierrrationiL 

Vol.  XXXIIL  Boyal  Sto,  I>Brt  I,  IDOl  (priet  8  Ra ) :  Tba  Kolar  OoM- Field,  being  a  deecrlptioa  of  Qnarti-Bilnjagaod  Oold- 
recortr;  aa  ptaciUed  in  India. 


Tbe  prise  Hud  for  tbaaa  pablieationi  La  t  Ba.  (lOe.)  aaeb  roluma. 
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7BITZ  NOETLING,  Pb.1>^  JfjQB^ 
VamamuMU,  QmaiMmu,  awnt  <w  bin*. 

INTRODUCTION. 

The  following  pages  contain  the  result  of  my  examination  of  the  Tertiary 
system  of  Burma  as  far  as  I  hare  been  able  to  sfeadj  it  during  my  st^y  in  Burma. 
The  Btfatigtaphical  obserrationa  liare  beea  anpportad  by  a  eaiefol  «zamiiiatioB  of 
tho  fOMiia  collected  by  myself  find  otluTs. 

Uy  oollections  oamo  chiedy  from  the  Irrawaddi  series  near  Yenaagyoung,  the 
iOD«  of  CmHOtUariit  moHMam  of  Minbu  and  ParaOfotktu  eatnAem  of  Tenui- 
gyat.  A  abort  dsMtiption  of  the  fossils  from  the  last  named  beds  was  published 
by  me  some  years  ajo.*  Subsequently  I  dUcovercd  the  intorestinc:  fauna  of  tlio 
zone  of  Meiooardia  metao»lgari«  near  Siogu,  and  the  late  Mr.  Urimes  ooUeoted 
MUM  good  apedmeDa  io  the  lone  «(  MgiUtm  nieabmrkm  near  tbe  lama  loealKy. 
When  I  started  to  determine  and  desoribe  these  now  collections,  I  found  it 
advisable  to  inolude  in  these  researches  the  collections  made  some  30  years  ago 
by  Menn.  Ttieobald  and  Fedden  in  Lower  Bonaa.  The  vmtk  of  wrtiDg*  theaa 
spci-imcns,  which  had  lemaiiu  1  imiiaeked  since  thoy  were  collected,  was  rather  a  . 
difficult  one;  there  was  a  good  deal  of  inferior  material,  without  any  reference 
to  stratigraphical  position  or  locality,  but  after  rejecting  everything  doubtful, 
there  xemafaied  a  fine  ooUeetion  which  ohiefly  aerved  for  the  deaeripUoa  of  the 
fottila. 

When  1  commenced  the  determination  and  description  I  little  guesaed  what  a 
tremendoua  task  it  would  prore  to  be,  chiefly  on  aoemmfe  at  iha  non-eziatenoe  of 
any  reliable  literature.  I  soon  dtieoreired  tliat  the  fine  pal»ontological  works 
ou  the  Tertiary  system  of  Europe  were  of  no  use  whatsocrcr  for  the  deter- 
mination of  the  Hiooene  fossils  from  Burma,  and  as  regards  the  memoirs  dealing 
with  the  Tertiary  fossils  of  India,  they  are  almost 

Tliere  are  of. course  the  excellent  monographs  of  Messrs.  Duncan  and  Sladen 
on  the  Corals  and  Eohinoidea  of  Western  India,  but  they  proved  of  little  avail, 
because  both  olaases  were  only  represented  by  seven  species  in  all,  among  my 
colleetionB.  Baridca  these  nMinoin*  fully  ap  to  the  modem  atandard,  th«a  wen 
>  ODNwllwiMtaasfamlhslIiMnsaf  Opfw  Bma,  Km.  Qad«;  Svmr  «I  Isai«,  USC  T«l.  XXVU, 


s 


PAUNA  Of  TEB  MIOOENB  BBDS  OF  BURIIA. 


only  J.  de  Carl  Sowerby's  notes  on  aome  Tertiary  foiaila  ttom  Catoh,  and  jressrs. 
d'Archiac  and  Haime'a  Description  det  F(a»Ue9  du  groupe  NummuUtiqm^  dr.  VInde. 

As  regards  the  first  paper,'  it  is  hardly  of  any  use  at  all ;  the  figures  though 
peiiiaiMiipto  Um  iteiidaido(184(^  an  almost  uaelaaa  for  detarminalioii,  and  the 
short  explana'ory  noti^s  arc  not  sufficient  to  cl^ar  up  doubtful  [ioint<.  It  may 
perhaps  be  possible  to  recogoiu  the  species,  once  the  fossils  which  have  been 
ooUeeted  at  the  lamfl  looality,  ai  thoM  flgoiod  hj  Sowarliy,  oome  to  be  deaerilMd, 
but  as  means  of  determination,  when  Tertjaiy  foinla  fram  other  parts  of  ladi*  are 
examined,  they  are  almost  of  no  value. 

The  second  memoir,  Messrs.  d'Archiac  and  Haime'a  description  of  the  fossils 
faem  flie  "Nnmmulitle''  gnnp  of  Bind*  is  almost  wone  than  8oir«tb7*B  notes. 
Quite  apnrt  from  that  the  authors  have  despribod  fosiils  from  dilTerent  formations. 
Cretaceous,  Eocene  and  Miocene,  aa  coming  from  one  and  the  same  series,  many 
of  the  speoies  figured,  particularly  those  of  the  Pelecypoda  and  Gastropoda,  are  in 
such  a  poor  state  of  preaerration,  often  only  casts  of  the  most  indifferent  type^ 
that  it  is  impossible  to  make  use  of  this  book  at  all.  In  fact  Messrs.  d'Archiac 
and  Haime'a  "Description"  is  worse  than  useless,  aa  anybody  who  had  to  consult 
tbb  book  has  found  out.* 

I  con-iidcr  the  "Description"  as  a  serious  impediment  towards  the  advanoB* 
mant  of  our  knowledge  of  the  Tertiary  systeni  io  India,  and  unless  a  revision  oC  tbe 
work  is  undertakni,  and  the  type  specimens  eaiefally  compared  with  others^  the 
exact  horizon  of  which  is  known,  it  will  remain  so.  As  it  is,  every  author  dealing 
with  the  Tertiary  system  of  India  is  oblisjed  to  consult  the  "  Description  "  and  as 
a  result  of  his  lalwurs  errors  creep  in,  which  oau  only  be  avoided  if  one  chooses  to 
dbregard  liCsssn.  d'Avobiae  and  Haiine*s  determinations  altogether. 

On  the  other  hand,  the  differrnt  puhlicntions  on  tlie  Tertiary  fauna  of  Java, 
which  by  tbe  undefatigable  exertions  of  Professor  Martin  in  Leiden  have  been 
brought  up  to  auoh  a  perfection,  as  to  renuun  standard  works  for  all  the  time  to 
oome,  were  of  the  greatest  asnstanoe  to  me.  It  is  partly  due  to  these  excellent 
palaeontological  mem  iirs  that  I  have  lieen  able  to  arrive  at  some  deSnite  views  with 
regard  to  the  Miocene  of  iiurma.  Yet,  excellent  as  these  publications  are,  it  will 
be  understood  that  they  eonid  not  be  of  the  same  Tains  as  papers  dealing  with  the 
palceontology  of  the  Indian  Tertiari<?s. 

Literary  support  thus  almost  failing,  I  was  entirely  left  to  my  own  resources 
to  solve  a  problem  which  bristled  with  dilBoultiee.  Only  thirty  years  ago,  the 
matter  would  hnre  been  treated  quits  difforently,  the  fossils  would  hare  been 
described,  fi?'i  r  i  and  new  names  given  to  all  of  theni«  bttt  the  remarkable  features 
of  tbe  fauna  would  have  bcea  entirely  overlooked. 

Btolieika  *  slieady  recognised  that  if  tbe  fanaa  of  tbe  Tertiary  system  of  Bum* 

•AntiMliowaf  ttfOMliNv  BMd  Ii«idoa,lalMciM,lBSOkTd.T.  Striotlr  tpMUov.  tUb  b  m  rqw  ■» 
■Hi  ttwts  >i>  >  fnr  [fcto»  ti  faalli  Moowymjhtg  OhIm  flwC^  ngw  on  ft*  Mngj  0>ht>  to  wkM  Bamikgr 
t«iiMt4  tk*  «|ihMlini.  IbtM  Mfhrntom  sf  ihl^  «kMi  an  pwhifi  •  IMsmn  stltMit*  thM  rntik 
mhaitliwi  Miijjy  tir%iiyMiBt  rtw  wly  dmtl|ili—  to  fft  iipoB  wfciB  Swwity'*  totlfli  m  wfawi  tfc 

*  VAiAkiMdHrfBikOMMftiMdMAaiMslaMilMtegnnqsHsMvd^  IMi.  1S5S. 

■MMita,1tetiinQhMrtwaBf  JMih  QiBMtlTWt,  mi  SB. 

♦ttitoli,  n»aM^y«|ftM»  ][Hi.<Mga.Siimr«f  liifis.U|l,Til.ZiM*N^ 
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vera  to  be  detoribed,  ntihractoiy  nralte  wmM  only  be  anived  aii  if  at  the  same 

tme  it  mn  compared  with  the  fauna  of  the  Indiaa  Ooeaiii  •  viair  irhich  I  oould 
soon  confirm.  The  determioations  of  thu  fossils  were  therefore  carried  out  by  OOin- 
paring  them  at  the  same  time  with  reoent  species  from  the  Indiaa  Oceoiii 

Tet,  eaay  aa  it  may  aeam,  this  oompariaon  ma  by  so  meau  aaeaiy  matter,  and 
often  was  I  put  to  the  questi'iji,  is  a  certain  species  identical  with  a  receat  (me 
or  not  ?  It  may  seem  absurd  tliat  any  suoh  doubts  oaa  arise  as  to  iiloatity  or  no^ 
yet  if  a  f  awia  like  that  of  the  llioeeDe  of  Burma  eomee  to  he  deooribed.  onmhen  of 
epeoies  will  come  under  examination,  which,  though  not  quite  identical,  do  not 
exhibit  featun's  to  justify  a  8i)eoific  si^paration.  In  suoh  cnsos  tlio  personal  cqnution 
oomes  iu,  and  it  is  (^uite  probable  that  another  author  would  Lake  a  uiilcicut  vicvr 
from  my  own  ae  to  identity  <tf  epeeieai  I  have,  however,  elamlfled  all  thoae  epeoiea 
of  wliicli  I  had  any  doubts  soparatoly,  and  their  specific  name  has  bcca  formed 
by  adding  the  prefix  proto  to  the  u&me  of  the  reoent  species  next  related  to  the  fossil 
one. 

I  am  greatly  indebted  to  Major  Alcock,  I.M.3.,  Superintendent  of  the  Indian 
Museum,  for  permitting  me  to  study  the  rich  cotlection  of  recent  species  from  the 
Indian  Ocean  in  the  Indian  Museum.  The  satisfactory  results  which  have  been 
obtained  are  ehiefly  due  to  theee  oomparatiTe  atndiea^  and  I  purtioaiaily  wish  to 
tender  my  best  thanks  to  Major  Alcock. 

It  will  be  seen  from  the  general  part,  that  quite  a  new  line  of  imeMch  has  been 
opened  out  for  the  study  of  the  Indian  Tertiary  system,  iriuoh  afbrdi  aema  meet 
interesting  views  wgarding  not  only  the  origin  of  the  recent  faonft  of  the  Indian 
Oesftn,  l>ut  also  fo  the  relation  the  Miocene  of  India-Burma  had  with  the  olderTerti- 
aiy  ^tem  of  Europe  and  the  recent  fauna  of  the  Weatern  Paci&o.  In  fact,  I  tUiuk 
that  one  of  the  most  important  of  my  resdt*  is  the  proof  of  a  migration  of  epeoiea 
from  Europe  in  eastern  direotion,  wliii  li  (  omraenced  with  the  Eocene  and  probably 
lasted  through  the  Miocene, — a  migration  which  still  continued  in  eastern  dlreutioa 
during  the  Miocene  period  in  India*  Burma,  though  all  direct  communication  between 
tbelllooeneOoea&of  BuN^aiid  India  waadlBeooMMstod  doling  the  Miocene  period. 

I  further  trust  that  the  description  of  fossils  will  serve  as  a  sound  batiaoa 
which  future  reseaiohee  regarding  the  Tertiary  of  India  can  rely  upon. 


OalouUa,  Jwgiult  3899, 
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GENERAL  PART. 


THB  DBVBLOFHBHT  AND  SITB-DIVISION  OP  THE  TBBTtABT 
BTSTBM  OF  BUBMA. 

Tbongb  I  luvt  kM  down  my  Tiews  with  legard  to  the  iab-dtvision  of  the 

Tertiary  system  of  Bnnna  in  a  prerioas  peper^  it  vill  bo  useful  to  n^capitulate 
here  the  main  featnros,  not  only  heo&uso  it  will  serro  for  a  bi  tter  iinik-rstanding 
of  the  problems  bfre  dii>ou»scd,  but  chiefly  beoauae  since  the  pul>lication  of  the 
above  paper  wvenil  neir  and  important  faota  have  been  diacoiTered  with  regard  to 

the ntbadivisiun  of  the  Yciianrriouiigian. 

WlMiever  in  Dunna  a  complete  series  of  the  Tertiaiy  system  is  derelopod 
and  veil  exposed,  itco  groups  osn  be  recognised  and  distingoislied  with  the  greatest 
ease.  Both  differ  widely  in  tboir  faunistic  character  and,  in  a  broad  sense  also,  in 
thoir  lithological  features,  reoderlDg  it  almost  certain  that  thej  are  of  diffennt 
origin. 

The  lauer  gnmp  is  clunaetorised  by  a  marbte  faaaa ;  tUs  ebaTaoter  remaiitt 

unaltered  almost  tUrou;::hout  the  scries  and  only  locally  undergoes  a  chnnge  by  an  ad- 
mixture of  rolled  fragments  of  mammalian  bones.  Lithologically  blui^h-gi«y  tinges 
prevail,  annaceoui  and  ai^llaoeenilieda  attenating,  though  the  focmer  preponderate, 
and  the  sediments  are  deeidedlj  of  marine  0!rigin»  though  an  estoatine  element 
appears  towards  the  top. 

The  upp€r  group  contains  chiefly  remains  of  lerrcttrial  animals  mixed  with 
snoh  forma  whieh  aeooiding  to  the  haUte  ot  their  present  relatives  must  have  led  a 
fiuviatUe  lifo.  Litbolngically,  yellow,  olive-green  and  sometimes  rt'd  coloured 
arenaoeous  beds  prevail ;  more  subordinate  are  olive-coloured  clajs  in  addition  to 
which  ferruginous  conglomerates  of  a  dttU«red  or  brown  oolonr  are  not  uufrequent. 
This  series  must  be  considered  of  ftwdaiUe  origin. 

Iheee  chaiaeten  maj  heat  he  anmmaiised  in  the  following  table :— ' 


Cfaarsslsr  oTFraiia. 

Oolonr  eCMimsBt^ 

OriglB  of  8sdt0MB«B. 

Tcnwtiial^^Mtd  flavia» 

TsQoVi  nd,  dtvia. 

IlsfMle. 

Zowtr  Group. 

Marina  mndEttnuiae. 

filniab-gny. 

Notwitliat'.nrlinL'  ll.i';  iJn  diffuri  Dce  of  the  facies  of  both  groups,  tlie  itjiprr  seems 
to  rest  oouformably  on  tlie  lower  one.  It  certaialj  does  so  near  Yemmgyoung  or 
Bingu,  unleH  tte  teraginou  eongUnuiate.  which  thoe  forme  the  baids  of  the 
upper  gfOiip»  ie regarded  aa  a  sign  of  an  nncoufanntty.  The  late  Hr.  Giimee* 


'  Tli«  jHre^opmeTit  ond  r<aMifMiksCtb«TMisi7i(yMniisBuMb  B»awte  QmHiit.  Simy  W  Mi^  Uli, 
Vol.  XXVIII,  v^t  M  S. 

•  Ho.  QMii»  8UT9  «r  laaii.  U8I.  ZXVUl, 
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duDB,  Iraverer,  to  hare  disoorered  m  nnoonfonnity  bet«««D  the  two  group*  north 
of  Yecangjrat.   Thongh  uatf  dsdUMd  from  the  varying  thickness  of  th«  Bpper> 

most  beds  of  the  lower  group,  my  own  olKervntions  with  retrnnl  to  the  occtirreiMM 
of  certain  fossiliferous  horizons  led  me  to  almost  the  same  conclusion,  though  I  have 
lefiained  from  pveriondy  expceariag  «  deflnite  opinkn,  heoame  in  a  natter  of  aaeh 
importar.co  a  few  isolated  obanrvntions  cannot  bo  convidmrl  as  decisive.  We  maj 
now  take  it  as  granted  that  nutwit^^t^ul(]iIlg  the  apparent  conformity  of  beds,  a 
ooaddeiable  denadation  of  the  lower  groui)  look  place  locally,  before  the  deposit 
of  the  upper  one.  Thou<,Mi  locally  very  ezteiiaiTe>  M  for  instance  near  Tenaagya^ 
at  other  pljtces  the  (Icnudiitioii  of  the  lower  ?roup  can  only  have  been  very  small. 
The  fact  that  locally  tho  donuiiacioii  was  only  small  aeems  to  be  of  importance, 
inaoDneh  n  it  pravet  that  ilw  deposit  of  beda  doee  net  appear  to  have  been  inter- 
rapted  for  a  long:  time.  Ftirtlior  clisiTVutions  are,  however,  feqolied  to  eonfiroi 
fbb  view.   I  suggest  the  following  names  for  these  two  groups  >^ 

9,  IrrawadM  Seri0$  for  the  upper  000^  beoauee  it  ia  obiafij  developed  in  the 
broad  depretsion  between  the  An-akan  Yoma  in  the  West  and  the  Shan  Ulla  in  the 
fiast  intersected  by  tlie  river  Irrawaddi. 

1.  Arrakan  Series  for  the  lower  one,  because  it  takes  its  chief  development  in 
the  Anakan  Tana  and  ita  outsUrta. 


1.  Tn  AnBAKiH  Samsa. 

AeeordiDg  to  my  obserratlonfl  combined  with  those  of  Mr«  Theobald  the 
Anakan  Beries  oan  again  be  divided  into  three  «ab*divi>iana,  via,  in  dHoendiog 
order 

The  Pegu  DivUion, 
(S)  The  Jeweia  er  Nummiaiiie  DMiiom, 
(A)  The  CUm  DMtlon. 

This  Bub-division  is  based  on  the  presence  or  the  absence  of  the  genus 
KummuUtea,  which  occurs  in  abundance  in  the  middle  sub-division,  but  is  entirely 
absent  in  the  lower  and  upper  one.  It  will,  therefore,  be  seen  that  the  above  sub- 
division  ia  solely^  based  on  palsBontoIogioal  reasons,  whether  it  is  also  sapfmtei.  by 
stra!i!;rn;>bioa1  r  vidonce  I  am  unable  to  say,  as  I  neither  observed  the  contact 
between  Chin  and  NummuUtic  or  the  latter  and  the  Pegu  division. 

I  oan  give  nothing  but  the  barest  outlines  of  the  CMi  and  Sot$eb^ 
divisions,  beoanae  I  never  had  an  opportunity  of  studying  them  in  detail,  nor  have 
any  collections  of  fossils  been  made  by  previous  surveyors.  The  Pegu  division  is, 
on  the  other  band,  much  better  known,  because  rich  collections  of  fossils  have  been 
examhied  and  the  sequeooe  (rf  fossiliferons  horiwns  oaiefullj  noted. 


{A)  Tht  CM»  DM00. 

The  name  Chin  division  is  suggeitod  fot  thia  group*  faeoaino  it  flliiefly  OCOUIS 
ia  the  biUi  inhabited  b;  the  wild  Ohina. 
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Dark,  fly soh-UIce  diateB  and  haid  valoMiliferaiii  UmMtonm  are  the  predomi* 
aftting  rocks,  and  it  appears  that  th«  fonnair  dkiellyoooapy  tlu  bwer  part  of  tbe 

group  Snd  are  foUovred  by  the  limestones. 

We  are  perfectly  in  the  dark  with  regard  to  tbe  thickness  of  this  diTision,  but 
it  may  nfaly  be  rappoied  thai  it  is  oooaiderable ;  se  to  as  it  is  imowo,  tbe  central 

part  of  the  Arrakan  Youia  is  chiefly  built  up  by  this  series,  wliieb  forming  iiunifrous 
parallel  ridges  rises  up  to  over  7,000  feet.  Xio  fowUs  have  so  fax  been  diMOvered  in 
tbia  group. 

Ur.  Tbeobald's  so-called  «  Azinl  group  "  of  tbe  eouthern  part  of  the  Arrakan, 

Yoma,  and  which  be  considered  to  of  Triassic  age,  ropresents  in  a  broad  sense 
this  division,  and  it  is  chiefly  due  to  tlie  observations  of  Mr.  Qriesbaoh,  who 
axaidned  that  part  of  tbe  Anakan  Toma.  where  tbe  **  Axial  group  *'  naa  supposed 
to  be  present,  that  we  know  that  it  certainly  does  not  belong  to  the  Triassio^  but  SS 
Ur.  Qriesbaoh  thinks,  represents  the  lowest  part  of  the  Tertiary  system. 

Tbe  possibility,  however,  that  the  Chin  dirisioa  in  its  present  delimitation, 
isfduding  all  beds  bolmr  those  ecmialning  NummuliteB,  contains  Cretaceous  beds,  if  it 
is  not  itself  of  Cretaceo\is  age  cannot  be  denied  ;  in  fact,  after  I  had  seen  the 
cretaceous  system  in  Daluohistan,  I  rather  felt  inclined  to  consider,  if  not  the 
wkdsb  at  least  the  shales  ni  the  OMm  divisioa  aa  of  ecetaoeous  «ge^ 

(£)  Tke  £iu$eiH  Dwidott. 

Altbouq;h  our  knowledge  is  very  scanty  with  regard  to  the  middle  pnrt  of  tbe 
Arrakan  series  we  are  now  on  tirmer  ground,  as  we  iiare  at  least  some  pal^onto- 
logical  evidence  to  guide  ue. 

According  to  Mr.  Theobald  tbe  total  thickness  of  the  JtwmmwtiUe  or  Eteent 

group  is  1,223  feet,  but  to  judge  from  the  table  given  on  pnee  TOO  of  bis  Memoir, 
he  included  at  least  227  feet,  but  probably  liOU  feet  which  should  belong  to  the 
Oiim  division. 

Litbolosically  tbe  lower  part  of  this  division  consists  according  to  ^fr.  Tln  obnld 
of  shales  and  sandstoneSf  oooasionally  foasiliferou8«  capped  by  a  bed  of  highly 
fossiliferoias  numunditie  UuieitODe  of  only  10  fbat  thickness.  Tbia  may  be  tiM  ease 
in  the  southern  part  of  the  Arrakan  Yoma  ;  it  is,  however,  quite  certain  that  tlie 
calcareous  beds  increase  in  thickness  in  a  northern  direction. 

The  fauna  discovered  in  this  division  appears  to  be  a  rich  one,  hut  after 
bavii^  sorted  Hessie.  Tlieobald  and  fedden'a  eoUeottous,  it  seems  that  not  mueb 
time  has  been  devoted  towards  bringing  an  exhaustive  collection  together.  8o 
far  we  know,  that  it  contains  several  species  of  the  genus  ^iummulUet,  and  in 
a  bed  which  most  probably  belongs  to  the  upper  part,  the  well  known  Eocene 
spedes  FtUUet  •oJkminMieMo,  Chen,  tjf^  haa  beau  found. 

(0)  STAtf  P«f «  DMWeik 

The  name  of  Pegu  group  was  proposed  by  Mr.  IhaolMld  **  for  a  very  import- 
ant seriM  of  beds  intervening  between  the  Booene  or  BUinninUtio  diviiion  <m 
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tbe  one  hand  and  the  foRsil  wood  gioap  on  the  other."  This  definition  of  the 
Pegu  division  woald  be  very  d«ar  and  oondsa  if  Mr.  Theobald  had  more 
accurately  defined  the  lower  boundary  of  hU  foaail  wood  group.  As  it  ia  this 
boandury  ia  Twy  nnoertain  and  I  piopoaa  to  ratriet  the  name  of  fegm  divirion 

to  that  series  of  beds  which  re^'t  iipon  the  nummulifcrous  Tieilx,  but  are  below  those 
containing  a  terrestrial  and  fluviatile  fauna ;  they  are  oharacteriaed  by  a  marine 
fanna  whiob  differs  from  the  older  (Hie  Iqr  tiio  total  abieiioe  iA  tbe  genin 
lUvmmulitet. 

Tn  the  above  deflnition  the  Pegu  division  constitutes  a  well  circumscribed 
•eries  representing  the  upper  part  of  the  Arrakuu  series  which  can  b«  dcQacd  as 
fidlowat 

"  Fauna  mnrinc,  pmhnbly  of  o<!tnarinc  chamcter  in  the  lower  part,  of  purely 
marine  and  sometimes  estuartue  character  in  tlie  upper  part;  glauoonitio  sandstonea 
of  dark  green  or  pepper  and  nit  oolonr  prevail,  while  argillaceous  beds  of 
bluish  colour  are  more  subordinate."  If  the  above  strati^raphical,  faunistic  and 
litholot;ical  features  are  kept  in  mii\d,  the  Fegn  division  is  well  recognisable  all 
over  Burma,  though  it  varies  considerably  in  detail,  as  can  only  be  expected  of  a 
aerieawfaioh  imaenta  snob  an  eminent  littonl  faeteai  Tbe  Fegu  diTidon  can  be 
divided  into  two  parts  vhidi  are  easily  to  be  disttngaisbed  when  tbe  whole  sniea 
ia  exposed,  e^s.— 

(A)  Tbe  upper  part  or  lemngyoungian. 
(o)  The  lower  part  or  I'romeian. 

The  rrmwian  appears  to  be  of  an  estuarino  character  both  in  Upper  and  Lower 
Bntina.   In  Lower  Burma  it  seems  to  be  represented  by  tbe  unfosailiferous  series 
eontaining  eoal  seams  and  locally  petroleara,  oamtRing  beloir  tbe  some  of 
■  Ojftktrta  erftifta  ;  in  Upper  Burma  it  is  represented  by  the  petroliferoos  beds  of 
Tenangyomig  and  the  carboniferous  series  of  the  Chindwin  district. 

Tbe  Temmgjfoungian  exhibits  a  quickly  changing  facics  of  marine  and 
btaobish  beds,  as  will  be  seen  from  the  detailed  desoription  further  on. 

The  difTiculties  which  under  these  circumstances  had  to  be  mot,  with  regard 
not  only  to  a  general  aub-division,  but  also  to  tbe  oorralation  of  local  developments, 
can  readily  be  nnderstood,  and  the  rarions  borisons  wbieb  I  dbeemed  may  be 
only  of  purely  l  ical  cliaracter.  If  it  be,  however,  remembered  that  this  is  the 
first  attempt  to  sift  a  largo  amount  of  material,  gathered  during  the  last  thirty 
yearS|  and  if  further  tbe  tremendous  climatio  di thculties  under  which  the  obaerra* 
tiooB  bad  to  be  eanied  ont,  dSfievIUea  only  those  who  hnTt  panetnted  Urn 
jungles  of  Bnrma  can  realise,  are  taken  into  eoosidaiiatioii,  a  eertain  allowteoe  will 
be  made  for  future  changes. 

(a)  Tub  Faoiauir. 

1,  TUckncBi. — Mr.  Theobald  describes  on  pages  83 — 84  of  his  Memoir  a 
seotion  (A  which,  unquestionably  the  lower  portion  measuring  1,418  feet  in 
tbiekness*  lepresents  the  Promeian.  To  this  we  have  to  add  the  thiekness  of  tbe 

Bitsyakn  shales  with  800  feet,  bringing  the  total  thickness  up  to  2,200  feet. 

At  Yenangyoung  the  drill  Las  gone  through  rocl(a  belonging  to  this  stage 
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npwnrds  of  1,000  feot  from  thoir  upper  botindary,  without  touching  the  base. 
At  Yenangjat  1,100  feet  have  bcoa  drilled  through  with  the  same  result.  Oa  the 
y^fc  iMDk  of  the  Chindwin  riTW,  t  m6Mared'«  flue  eeeOm  elong  the  Tn  river  of 

3,100  feet  of  strata  belon^in^  ti  the  Tromeian,  without  liaving  observed  its  base,  but 
as  numeroaa  pebbles  oootaiaiag  Eooeae  fossils  were  found  ia  the  streams  iateneot* 
in^  the  lower  parti  of  &e  aectioa,  the  hoondaiy  oannot  hate  been  muoh  farther 
down.  It  we  therefore  assume  8,000  feet  to  he  the  tidokaen  of  the  PrenafM  we 
are  rnther  under  than  above  the  mark. 

2.  LHhologieal  eharacter$.—'S!he  chief  constitueuts  are  sandstoacs  aad  ciajra  ; 
the  latter  are,  however,  rahordinate  to  the  lonner,  accewoiy  are  ooal  Maaaa  and 
ilOnatonca  ;  loc.-illy  the  snnil-stoiie  contains  petroleum,  and  at  two  or  tliree  looelitiei 
the  fossil  resin  Burmite.  The  saadstooe  is  of  ver;  uniform  cliaracter,  it  is  finelj 
gndned  and  generally  of  a  greyish  ooloat  whiob  may  best  be  styled  "  pop}>or  and 
aalt  colour."  Its  hardness  Taries  considerably,  sometimes  it  is  soft  and  friable, 
sometimes  siliceous  and  very  bar.l.  A  curious  inst.mco  of  weathering  may  often  be 
noticed  along  the  banks  of  the  Imwaddi  or  the  Chindsvin ;  the  sandstone  disinte- 
gratea  into  rather  regolar  lumps  whidi  retain  their  original  poritioD  for  a  long  time* 
thus  imitating  a  street  parement 

The  clay  is  still  more  monotonous  in  its  cbaraoter  as  it  is  ninally  a  tough 
olunoh  of  bluish  colour,  but  the  argillaceous  beds  are  of  muob  smaller  importance 
in  tlie  oompodtion  of  tlie  aeries  than  the  afenaeeoiu  ones. 

The  coal  occurs  in  seams  of  snmll  tbic  knos?,  but  it  would  exceed  the  limits 
of  this  summary  if  I  were  to  dwell  at  length  on  its  ooourrenoe.  The  same  applies  to 
the  Petroleum  and  Burmite,  hot  anybody  interested  in  these  sabjeott  will' find 
ample  information  in  my  previous  papers. 

8.  Palicoidologk'al  charactfirt. — Tlio  Promeinn  has  hitherto  yioIde<l  only  n  few 
fossils  ooourring  close  towards  its  top  at  Yenangyoung otherwise  it  app-ars  to  be 
absolatdy  nnfossiltferoos,  though  it  is  eortaia  that  remains  of  plants  will  sooner 

or  later  be  dipeovered. 

4.  Sub'dii)Uio».-^i\  is  obrioos  that  under  these  circumstances  a  further  sub< 
diTtsion  is  almost  an  impossibility,  and  this  will  lemaitt  bo»  until  some  fossil* 

iferous  horizons  are  discovered.  At  Ycnansryat  and  Yenangyoung  the  Promeian 
is  only  known  from  boro  bolus,  and  the  eviileneo  relating  to  a  i^cni'ral  snb-division 
is  Tery  unsatisfactory.  We  know  that  there  exists  a  series  of  altcnmtiug  are- 
naeeons  and  argOlaoeoos  beds  of  bluidi  eoloor,  the  former  ehaiged  with  petroleum, 
but  for  want  of  any  pal;pontolojical  evidence  uo  sub-division  was  even  attempted; 
in  fact»  the  litliologioal  change  seems  so  rapid  and  unoxpeoted,  tliat  1  had  the 
greatest  difficaltj  in  oorrelating  the  sections  of  the  single  bore  holes.  The  lone 
of  Anoplofhcrium  birmanicum  which  occurs  oloee  to  the  top  is  the  only  fossU- 
iferous  bori/oa  which  could  be  distingoishedi  and  even  this  is  appannti/ of  veiy 
luoal  occurrouoe  only. 

(6)  TllK  Tenangtoungiav. 
1.  Thicknesa. — There  are  some  good  and  reliable  obserrations  with  regard  to 
the  thickness  of  this  group.  At  Tenangyat  I  measoied  a  thiokneas  of  1,100  feet;  at 
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Sinsju  I  found  it  only  700  feet,  but  the  lato  Mr.  Grimes  measured  2,450  feet, 
three  miles  south  of  Singu.'  At  Yeoangyouag  its  thickness  was  found  to  be  1,100 
feob  An  time  data  an'feandfld  on  reliaUe  measorementi,  it  ia  almoat  oerlatn 
that  the  tbiekness  of  the  Yenangyoun;;ian  under^jops  considerable  changes  witbin 
a  distance  of  about  60  miles  in  a  straight  line,  but  whether  these  dilTcrenoes  are 
dne.todenudatioD  of  its  upper  part,  or  to  the  uneronneaa  of  the  surfaoe  of  the 
J*romtiim  I  am  unable  to  say.  It  ia  oertain  that  part  of  it  ii  doo  to  tiie  flmt 
Oliue^  but  the  second  one  cannot  ho  entirely  imiirobable. 

The  data  regarding  the  thickaess  of  this  sub-division  in  lower  Burma  are  much 
leia  mliaUe;  it  k  vaqaestionable  that  the  topmoat  614  ftet  Mr.  Tbaobald'a 
BCctiOQ  belong  to  the  Yenangyomgian,  but  to  this  we  have  to  add  {a)  the 
thickaess  of  beds  below  the  Kama  olay,  (6)  the  Kama  olay«  and  (o)  all  that 
**  Tery  thick  "  aariea  of  beds  between  the  Kama  day  and  the  'BouSL  wood  group. 
It  in  extfemalf  diffloolt  to  foim  an  eattmata^  but  if  ira  Mrane  m—b  to  be  600 

fpet,  and  that  of  (c)  to  bo  1,000  fpot,  wo  obtain  a  totnl  tincknoss  of  tbont  8/)00  fwt, 
which  estimate  is  probably  rather  uuder  than  above  the  mark. 

9.  LUMogM  timra^»t.^Stm  atiata  developed  ai«  ol  the  aame  oompoiitioii 
as  those  of  the  ProflMUM,  vig.,  sandstones  and  clays;  but  there  is  a  distinct  chanson 
of  colour  at  least  in  such  places  where  the  brackish  facies  is  developed.  Tn  tho 
latter  oas«  olive  tinges  prevail,  while  in  the  marine  facies  tho  dark  green  or  dark 
blue  ooloiin  will  be  obwrred.  A  lemarlnble  featue  ia  the  ooenrranee  of 
gypsum  which  is  often  found  ia  large  orysttils.  So  far  this  mineral  has  not  been 
observed  in  the  Promeum,  neither  has  it  been  found  in  the  marine  facies  of  the 
Yenangyoungian.  Its  preienoe  ia  therafbie  almoat  aoie  to  denote  the  braokidi 
faeies  of  the  Yenangyomgian, 

3.  PaUvoutological  characters. — Tho  Yenangyoungian  has  so  Tnr  yielded 
almost  all  the  fossils  described  in  the  following  pages,  and  as  they  will  bo  dia- 
eosaed  in  detail  lataroii,itia  needleae  to  dwell  hereon  this  aubjeot 

4.  Facial  decelopment, — In  upper  Burma  the  Yenangyoungimm  ia  developed  in 
two  distinct  faoiea,  vis.,  a  marine  faoies  and  a  brackish  facies,  an  observation  about 
wbich  then  oan  benot  the  slightest  doubt,  as  owing  to  good  exposures  and  correct 
maiM  it  ooaU  bo  provedtoaeertaiatytbat  ftnaiine&nnftoooon  at  Singn  and 
Yenangyat  in  the  same  level,  in  which  at  Yenangyoung  an  ostuarinc  fauna  oeeun*. 
In  fact,  if  more  time  oould  be  spent,  the  gradual  passage  from  estuariae  to 
iBMrine  badaooal4  be  easily  traced. 

The  marine  facies  which  contains  a  rich  fauna  is  chiefly  exposed  in  tite 
Tenani^yat  anticlinal  between  Sins^u,  Yenangyat  and  near  Mlnhu  ;  dark  ^reen, 
very  glaucooiiio  hard  saudstoaes  are  prevailing;  more  subordinate  are  layers 
of  dark  dive  eoloor. 

The  J/rn  'tii^  f;icii'3  is  almost  unfossiliferous  except  for  three  species  of  the 
genus  Qyrena  which  occur  locally  towards  its  top.  It  is  generally  composed  of 
oJtva  ooloawd  days,  containing  gypsum;  layen  of  bald  wnaEiefHnuuy  sandstone 
am  teqiuDtly  interealated.  Thia  faoiai  ia  partioiilarlj  wdl  dwdoped  dmc 
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Tenangvoun^,  where  it  attains  a  thickness  of  1,1<»0  fc.  t ;  at  Minhu,  Singn  and 
Yenangjat  itn  tbickoess  is  coiuuierably  reduced,  as  its  place  ia  almost  eutireljr 
oooapied  by  tha  marine  faciei. 

With  regard  to  lower  Burma  it  is  impossible  to  aaj  at  piMsnt  whether  both 
the  marine  and  brackish  fac-ies  are  developed.  The  marine  facics  is  unquestionablj 
well  represeaied,  as  is  proved  by  the  fine  oollections  of  marine  fossils,  but  I  bare 
no  evidtnee  to  aay  wketbev  eetoarino  bed*  ooenr  or  aoL 

5.  Sub-iJiviaion. — There  is  a  great  dlBSonUy  wilh  ISgaid  to  the  Bub-division  of 
the  brackish  facies,  and  no  attempt  has  been  made  to  ailb«tliTide  the  monotonous 
aeries  of  unfoflsQiferoaa  beds.  Only  at  the  rery  top  of  tiie  aariea  a  few  apedea  of 
Cyrena  nppt-ar,  ^hicli  though  occurring  locally  oxAy,  fonn  the  very  characteristic 
horizon  of  Cvr(?«rt  {BatifsaJ  crutrjurdi  near  yeiinnfrymiii!;.  On  tlio  other  hand, 
we  are  mucli  better  off  with  regard  to  the  marine  facies  of  whioli  the  vertical 
aaqvenoe  oi  the  diffocent  hmiaona  baa  bean  aaoeitainad  by  actaal  obaarration.  In 
jaawmding  oidar  the  following  bniMna  oonid  bo  diatingiiiabed 

Marina  &dlSff  Eatuarine  fa<  iei!. 

6.  Zone  of  C«rdiU  tjUUMmnmu,  ILVtMitSaL  1.  Zone  of  Cfttna  {BaUua)  trat^urdi,  Noetliqg. 
S,  Zmo  of  Mytilut  uieobaneiu,  Chennits. 

4«  ZoDo  of  ViiociirAiii  mtt'tiulgiirit,  t>yitetVn, 
^  ZoQO  of  DioM  duiiota,  Noetling. 
t.  Zou  of  OaM^Uru  «<fiMM«»  opte;' nov. 
L  ZoM  ti  PmnifMMt  tMfl***,  Duneao. 

It  must,  however,  be  montioiuMl  tlint  it  is  not  quite  certain  whether  the  zonr  of 
Cyrena  (JJatiisa)  crawfurdi  is  really  correlated  to  the  zone  of  Cardita  Ifidamarnetit  ,• 
in  ftiot^  theie  ava  reaaona  to  beUere  that  it  ia  perhaps  eqaivalent  to  tlie  aone  of 

Jiytilus  iiicubaricus. 

In  lower  Burma  the  following  horizons  could  be  distinguished 

Ifaiiae  Iboica. 
7.  Zoo*  of  Tiirritetta  tntietritiata,  Danktr. 

6.  ZoDO  of  Ottrca  pegutinu,  fpoo.  oov.  (?)  ZoM  «t  OUtta pnmMdt,  sfMS.  Bor.  (?} 

5.  Zone  of  Area  iktthaUi,  ipso.  iwr. 

4.  Zone  of  PanlMipijudim  fnMortwnm,  ipSB.  aov, 

3.  Zone  rf  Ph  ^at  oriealttlit,  Oir.i  lin. 

y.  Zone  of  Atitia  tmmcroia,  Sowurby,  sjwo. 

1.  ZoM  oE  Cj/tHtna  trfwu,  F!miim. 

2.  Thi  laftiVADin  amna. 

The  Irraicaddi  f,me&  oora  prises  all  tliit  enovmoua  thiokness  of  strata  whiob 
rests  on  the  marine  Tertiary  beds  and  which  is  ohsraeteriaed  by  a  purely  terrestrial 
and  tluviatile  fauna ;  in  addition  to  wbieb  it  contains  large  quantities  of 
ailicified  wood.  So  far  no  well  defined  aab«dhiafa>na  oould  be  distinguiabed. 
■becfiuso  the  lithologioal  character  is  very  monotonous,  and  though  fossils  have  been 
iound»  they  occur  only  locally,  thus  rendering  the  tracing  of  a  given  horizon  over 
•lazger  diatanoe  an  impoaaibility. 
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(<tf)  TMekam. 

The  Irrateaddi  sori(^s,  ahoTe  eircumscribod,  exhibits  a  measun-J  thickness  of 
4^620  feet  in  the  ndghbourbood  of  Yenaiigjoung,  but  this  appears  to  l>e  on  Ijr  a 
anwll  part  erf  tbe  total  thiekaen.  The  fine  oroaa  oat  of  tlia  Izravaddi,  betn-een 
Singu  and  Saletnro,  affords  an  almost  complete  section  of  tiie  Ifmmtddi  series 
from  Ihnir  base,  to  prol)al)ly  within  fi  short  distance  of  its  uppermost  beds,  and 
tho  thickness  thus  oalculaied  would  not  be  lera  than  20,000  feet.  This  will  proba* 
Uj  npNMBl  its  aualaiiini  tiiiok]ina»  md  it  appean  that  in  lower  Bama  ike 
Immddi  Hciee  is  mndh  lea  dsrdoped  tlum  in  upper  Burma. 

(fi)  Iiitiologieal  Charaet«^$, 

The  rocks  wliicb  compose  tho  Irrawad  li  series  form  by  their  light  tin£:os  n 
most  marked  contrast  to  tho  dark*oalourod  beds  of  the  Arrakan  series.  Light 
yellow  ia  theprefailing  ooloor,  bat  doll  red,  brown  and  olive-green  tingea  are  by 
no  means  rare^  thuur;b  tliey  take  only  a  sabordtnate  rank. 

The  predominant  rock  is  a  very  soft  sandstone  which  might  perhaps  better 
be  termed  "  sand  rock  "  of  iigbt-jellovr  colour.  It  is  deposited  in  thick  beds  whiok 
frequently  eontain  nodular  or  kidney«tbapedconot«tiotts  of  extremely  hard  siliee* 
ous  sandstone.  Tlicse  concretions,  sometimes  of  considorablo  size,  are  arranged 
in  strings,  parallel  to  the  bedding  and  stick  out  of  the  surrounding  softer  material, 
thus  forming  a  very  cbaracteristio  feature  in  the  landscape.  Alternating  with  the 
sandstone  are  beds  of  light  olive  oolonied  elay,  wbieb,  however,  nerer  attain  the 
thick  ufs-j  of  tbe  sandy  beds.  Still  more  sul)'trdinate  are  bands  of  ferruginous  con- 
glomerate ;  in  these  beds  foreign  matter  is  sometimes  so  rare  that  they  form  regular 
layen  of  oellular  iron  ore,  whieh  has  in  former  times  been  need  for  iron  smelting. 
Their  thickness  changes  from  a  few  inches  upwards  to  16  feet,  but  except  the 
basal  e-ong>lomcrato,  they  form  moflt  iixegolar,  lentioulu  msssei  of  often  no  more 
than  a  few  feet  in  length. 

(C)  Palgwtotoffioat  Charaeten. 

The  Irratoaddi  series  contains  numerous  remains  of  terxcstnal  and  fluviatile 
animalspbut  so  ftur  I  bare  not  been  able  to  diseover  whetbsr  they  are  generally 
distributed  throughout  tho  serip*,  nr  whether  they  are  confined  to  certain  localities 
only.  It  is,  howetrer,  a  fact  that  they  oooar  in  tbe  conglomeratic  beds  in  preference 
io  all  otiiess,  hut  even  there  the  iiiliibation  is  very  erratic  The  number  of  speeies 
so  far  disoovered  anunuits  to  about  80,  but  ezoepit  for  a  preliminary  dcAerminatloin 
they  have  not  been  fnrtber  examined. 

In  addition  to  the  animal  remains  numerous  fragments  of  silicified  wood, 
often  of  eonsidemble  sis^  ocour  thraugbMit  tbe  seriea ;  no  examination  of  thess 
fns.sil  remains  has  hitherto  bsea  undertakeUy  but  it  appears  that  monoootyledoDouB 
species  preponderate. 

•  t 
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(D)  Sab-^UMm. 

There  have  been  several  attompts  of  Mib-divitlini^  this  enormous  Mri«i;  bat 
wbdHier  tiiey  can  claim  more  thaa  local  importaace  remaioa  to  be  seen. 

Mr.  Tbeobald  distingaishet  in  lower  Banna  the  toUowing  time  groups  in 
descending  order  :— 

S.  Fnitsil  wood  tnitf 
%.  Fine  ailty  duj, 
1,  Magaang  mmdt, 

bvfeltis  oertain  that  this  suWivision  does  act  hold  any  ^d  outside  the  limited 

area  around  Thnyetmyo  and  Prome.  The  latfi  Mr.  Grimp--^  b.ised  his  sulvdivlsiott 
also  on  lithologioal  diSerenccs  only ;  he  dintinguishes  ia  dosceudiag  order : — 

4w  Buiitaam  wkh  tmngimtm  ooogloaufBts  ind  mnA  tell  vtoi, 
I.  8u>daton«a  with  mnwoM  waM,  iwMika  eawiatiMs  and  littit 
Ibisil  wood. 

t.  SaaditaiiM  wHb  larg*  tmmdad  eoMfrtioiis  and  nsh  tea  iMsd. 
1.  Sandstones  with  r.omernuil  buds  of  lamginons  MBgloBtnta 

contaiiiinrj  vert^Viratc  reniiiiiis. 

As  I  thoroughly  know  the  country  around  Yen&ngyoung  for  which  this  sub* 
divieion  ha»  been  etteblidied,  I  eon  oonfldentiy  say  tbnt  in  the  abore  ddimilation 

it  liolds  good  on  paper  only,  but  is  useless  for  all  practical  purposes.  Efen  if  it 
were  possible  to  recognise  the  sub-division  for  the  country  around  Yenangyoung, 
I  am  sure  that  it  would  be  futile  to  adopt  it,  say  for  the  country  north  or 
ioath  of  tble  TfUage.  I  tbbik  it  a  mistake  to  nttempl  tlie  mb-diTiaiaii  of  thb 
loonotonona  series  of  arenaceous  beds  on  lidtolo^ical  differences  only. 

The  only  instance  of  a  particular  bed  of  the  Irrateaddi  series  being  traced 
over  a  larger  distance  seems  to  be  the  basal  oonglomerate,  but  even  this  appears  to 
spUi  vp  norfb  of  Teoflagyat*  and  Ur.  Orimes  felt  inellned  to  bioliide  in  this  eone 
the  next  150  to  200  feet  of  annd^tone,  containini^  bnnds  of  con'^lomcnte,  a  view 
which  I  by  no  means  approve  of.  I  still  hold  that  a  sub-division  based  on  palie* 
ontological  efldeneei  bowerer  inoomplete  tbat  may  be,  deserves  preferoioB  to  any 
other  besed  on  lithological  dilTerences  only,  and  I  do  not  soe  any  reason  why  I 
sboold  alter  tbe  preliminary  sub-divisirn  assoggeited  by  me' nnleaa  better  palae- 
ontologioal  endenoe  should  be  forthcoming. 

In  deaeending  ociler  I  diride  the  JrrMMAII  leriM  into  the  following  nib- 
diviiioD*:-* 

(Ji)  Vpptr  Irrttwoddi  teriet.—YeWovr,  noFt  nnd  fnMe  -itin^ttonM,  altonatiaS  with  bsds «(  bM«a 

t\mj.    Ho  foaeil  bouea.    Foasil  wood  not  very  oooimoD. 
(m)  Lamr  ImmaiUt  itrii*. 

It.  Zone  of  iliiii'id.m  lalidtnt  and  Jlippopola-nut  irraradietu.  Yellow,  toil  and  frtsbis 
sandstODu^  alttitiating  with  ooBglosMimtic  b«d«,  oootainiog  nameroos  iouii  boaM| 
Inowa  slays )  tesO  wvod  wy  wwnsn. 

•  Vm.  Oidv  flamy  af  Iirfk.  im  Vol.  ZXTIU,  pip  «a 

•  BMMib  OmIw.  flwfsr  oi  Isiia,  UH,  TA  ZXVUl,  SB. 
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1.  Zone  of  Ui pp'ilhtrium  a.tUlopinum  and  Aferoihtriytt fuiwtnt,    A  ferrn^nong  floi> 
ploiiieruU  t'ui](aiui:i^  luimerouii  fossil  bones,  which  foroa*  tb«  ba«e  of  the  teriot. 

I  confess  that  this  sub-division  is  only  a  preliminary  one,  inasmuch  as  the 
fhfee  gvimji  tm  of  vwy  vnequal  Tdna.      fu^,  it  is  diffieidt  to  nj,  ohiellj  oii 

aoo'iunt  of  tJie  erratic  oo-^urrontio  of  the  fossil  bones,  where  tlip  lower  sub-tliTision  ends 
and  the  upper  ono  oommeaccs ;  bat  until  mora  time  can  be  spent  in  an  eztensire 
oxaminotioii  of  tlie  ItrawaddH  Mriet,  our  kaovledge  mint  aMmnrily  Mmdn  in- 
Buffioifnt.  In  the  following  tabular  -now  X  arranged  tlie  mb^divisiou  of  tlio 
Tertiary  system  as  detailed  in  tho  above  pajtw  in  such  a  way  that  the  plan 
adopted  can  be  seen  at  a  glance.  The  table  will  explain  itself  and  nothing  need 
bo  uid  flUMfA  HMt  ^  valao  of  flis  dUKetoBl  mtb-diTiaiMis  imiat  ncoMittily  be  thj 
different,  inasmuch  as  our  present  knowledge  of  tho  Tertiary  fauna  ia  a  very  small 
one,  and  aLmoat  ohieflf  liiaited  to  ttie  stad/  of  the  f osaila  of  the  Yenangtfoungiaiu 
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n.— 00BBBLA3I0N  OV  THB  BUBHB8B  TEBTIABY  8T81E1C  WtSB. 
THE  EU&OFEAN  TERTIAfilES. 

It  •will  be  seen  from  tho  foregoing  pages  that  in  Burma  the  Tertiary  system 
exhibits  a  development  which  is  widely  different  from  that  of  Europe.  If  Tertiary 
Geology  had  first  been  started  in  India,  we  would  hare  arrived  at  totally  diffennt 
Tisws  legaiding  this  formation»  and  the  name  of  "  Pyas  "  on  aooount  of  ita  pro- 
nounced bi«division  would  perhaps  have  been  chosen.  It  is  obvious  tliat.  under 
fhe  above  circumatanoes  any  correlation  with  the  European  Tertiaries  can  only  be 
otnied  oatln^braadflBtaBiuepoesiUe.  Every  attempt  to  go  into  details,  or  to 
recognise  smaller  European  divisions  in  the  Burma  facics  of  the  Toi  tinry  system, 
must  result  in  a  failure.  The  development  this  formation  has  taken  in  Burma 
is  so  totally  different  from  that  of  Europe,  faanistioally  as  well  as  stiatigrapbi- 
eally,  that  we  have  aknoit  no  lines  to  gaids  us  in  its  interpfetetiMi,  and  we  era 
obliged  to  refrain  from  any  correlation  witli  the  now  recognised  sub-division  of 
the  Tertiary  system  in  Europe  except  on  the  broadest  lines.  To  arrive  at  an  idea 
of  th^  relative  age  of  the  varioiH  lalnUTiaionB  of  the  Bnrau  Tsrtiary  system 
we  have  three  diatlnot  fnuiae,  Mooeeding  in  vertiaal  dii«oti«Bi,  these  ane  in 
descending  order  — 

A.  Tlu  tMsntrial  aadilimstils braaoE  the  Jmmaiii  wtam, 
I.  nsBuliiefBwaeitiNP^diviBiaa. 
1.  IbsaurinsfiMtBaoltbs  Smth  dinrfam 

Though  the  most  important  conclusions  could  he  deduced  firom  the  study  of 
Ibr  ><  faunas,  we  meet  almost  at  once  trith  a  great  difficulty;  we  have  no  oon. 
tmuous  development  of  a  marine  fauna ;  in  fact  it  is  almost  oertaia  tliat  the  upper 
marine  and  the  temestrial  fauna  did  not  immediate^  snoeeed  eaoh  v/Hmbt,  but  wera 

separated  by  an  un'-onfortnify  tho  period  of  ivlii  -li  lasted  difTorently  at  difTerent 
looalities.  Tho  deductions,  drawn  from  the  study  of  the  vertebrate  fauna,  must 
oertainly  he  at  Tarianoe  with  tboee  drawn  fcont  the  stndf  of  the  invertebraiea,  and 
both  are  therefore  not  comparable.  We  will  pmently  see  that  the  fauna,  whioh 
exists  in  the  Ppf/M  division, contains  a  largo  percentage  of  species,  whioh  live  no«r-a* 
days  iu  the  Indian  Ooean ;  yet  this  fauna  is  buried  nndemcath  a  series  of  strata 
sBeBBUTinff  ratoer  more  than  90^000  feet  in  tbiekness.  During  the  time  of  its  deposit 
the  vertebrate  fauna  undnrwoiit  trom^Midous  chnnn^ea,  if  compared  with  tho  same 
fauna  now  inhabiting  Burma,  while,  on  the  other  hand,  the  muoh  older  marine  fauna 
eidiihits  soeh  a  comparatively  small  dhaage,  that  during  the  time  which  passed 
stneethe  beginning  of  the  Pegu  dirisioiii  one4hird  «f  the  speoies  haTO  eomjletety 
preserved  their  original  character. 

Whatever  results  we  may  therefore  deduoe  from  the  study  of  tho  vertebrate 
fauna  of  the  Irmwaddi  seriesh  there  will  always  be  the  nnsurmonntahle  diffienlty 
in  bringing  such  evidence  in  harmony  with  that  derivi'd  from  the  study  of  tho 
invertebrates  of  the  older  strata.  This  view  holds  good  even  if  the  fauna  of  the 
Jrmwaddi  mAm  wan  battar  known  than  it  Is  at  pnsent  I  made  a  goodly 
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coUpetion  rear  Ycnnnfryoung ;  Mr.  Grircea  found  some  good  speoimons  near  Sinbn  ; 
tboee  collected  by  Messrs.  Theobald  and  Oidbam  were  determizied  by  Mr.  Lydekker, 
lint  anfortoaateiy  I  htTewA  fooiid  tfane  yet  toeizuiiiiM  tluM  ooUeotiom  thocoDgfafy, 
and  except  the  prelindiuay  d«tonniii>tioin»  we  kaov  ootliing  tbomk  tiie  fauna  of  the 

IrratDaddi  series. 

These  detenmnations  baTe,  however,  proved  one  thing  to  a  certainty,  tbat  tlie 
IrrtHoaidi  aariea  mart  be  eonelaieil  to  ibe  Hmdika  of  Lidto.  It  wmU  be  otat 
of  place  to  roll  up  the  question  of  the  sge  of  the  Siwalika,  but  I  think  with 
Mr.  Oldham '  tbat  the  balance  of  eridence  is  more  in  favour  of  the  Fliooene  age. 

With  regard  to  the  fauna  of  tbe  Tiff  diTialon,  we  can  at  onoe  lay  ibat  ft  baa 
not  a  single  species  in  common  witb  any  European  Tertiary  fauna.  There  are  indi- 
cations  to  prove  that  the  Eocene  fauna  of  France  exhibits  some  relations  witli  the 
fanna  of  the  J^egu  divibion,  but  tbeac  do  not  go  further  than  general  similarities. 
Aa  the  fanna  of  the  Pegu  DI?  iaion  will  be  diaonaaed  in  detail  in  a  aafaaeqnent 
chapter  it  is  sufficient  to  say  here  thnt  it  cannot  be  compared  to  ar  y  Eumpeiin 
Tertiary  fauna,  but  tbat  it  bears  a  olose  relationship  to  the  fauna  inhabiting  at 
present  the  Indian  Ooean.  ¥m  tbe  purposes  of  wiwiiattBg  the  division  to  any 
of  the  aub^Tiaiona  of  the  Tailiaiy  ayatein  aa  ncqgoiaed  in  Euofie,  ita  faona  ia 
therefore  perfectly  uideia. 

If  we  now  turn  to  tlie  fauna  of  the  JBattein  division  we  are  still  worse  off  than 
iritb  vegaid  to  that  of  the  Immmddi  aoiea ;  tbe  oolleelionB  ate  oomparatiTdy  amaU 
and  by  no  means  well  preserved  ;  thr  v  chiefly  consist  of  AummulUea  &ad  a  few  other 
fossils,  but  not  even  a  preliminazy  determination  has  been  carried  out.  We  know 
that  Felatet  aetoMffiaMe,  Obemn.  sp.,  oooun  in  tbe  upper  part  of  this  division, 
Imteizoepfe  that  fact,  and  that  the  genua  2^'iir>nniilUe$  is  very  common,  we  Itnow 
nothing  with  ret^ard  to  its  fauna.  Poor  as  thcsu  few  facts  may  he,  they  enable 
us,  however,  to  form  a  definite  view  with  regard  to  tbe  position  the  Bauein  division 
bolda  ia  the  aeqMooe  of  tbe  !Itertiary  ayatem. 

The  gonna  KummnlUen  is  the  typical  Eocene  fossil;  at  least  there  is  no 
instance  on  record  that  it  occurs  in  abundance  in  any  but  the  Eocene  formation. 
This  is  a  suiQciently  recognized  laet  on  which  I  need  not  dwell  any  longer.  Wc 
are  therefore  fnDy  jnatlfied  in  waoming  that  tbe  BtttHm  division,  witii  its  lidi  feuna 
of  species  hclongmg  to  the  genus  Nummulitett  coneaponda  to  the  Booene  period  of 
Europe^  and  if  we  further  take  the  limited  rertieal  diatiibation  of  Felatet 
§ehmedettona  into  conddemtion,  we  may  auppoae  tbat  the  Stntim  diviaion  can  be 
MRebted  to  the  Upper  Eocene,  and  ia  moat  probably  equivalent  to  the  JShirtiaHum 
of  Western  India  and  Ealuchistan. 

We  have  now  gained  a  firm  basis,  starting  from  which  we  may  draw  certain 
ooDohuaona  with  regard  to  tbe  older  and  younger  atxata.  The  whole  acrieaKsting 
on  the  Siifisein  division  must  necessarily  represent  the  younger  Tertiaries.  that  is 
to  say,  upwards  of  the  Bar  Ionian  of  tbe  European  geologists.  Tbe  fauna  of  the 
Imneaddi  aeiieB  rendera it  ahnoat  certain  that  itmnat  be  oonelated  tothe  Flioaena 
age}  tbe  Pegu  division  would  tlieref ore neoeaaaiily  repreaont  OttMioetite  period. 
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With  TBf ud  to  tb«  lo««r  mb-divbloiD  of  flu  AmUum  uiAmt  tbe  OMi  difirioo, 

we  can  only  say  at  present  that  it  must  Ix)  older  than  upper  eocene,  or  the 
Khifiharian  of  Western  India.  But  whether  it  corresponds  to  the  Uanikotian  in 
ita  wbole  extenstod,  or  011I7  its  upper  part,  while  tlie  tower  one  may  probably  be  ol 
upper  Cretaceous  tfgbt  w»  MO  unable  to  inr  for  tite  present,  end  the  declnon  muet 
be  left  to  the  future. 

The  above  argumentation  has  therefore  led  to  the  result  that  the  Irrateaddi 
leriM  represents  the  PUooene  period,  while  the  Amkm  eeries,  with  prohebly 
the  exception  of  its  lowest  prvrt,  represents  the  Foecne  and  Miocene. 

I  have  purposely  refrained  from  mentioning  tho  Oligooeue  ;  if  we  keep  in  mind 
for  what  series  of  strata  the  OHgocene  has  originally  been  estaUfshed  in  Northern 
Germany,'  it  seems  almost  absurd  to  try  and  reoogoiie  this  division  of  the 
Tertiaries,  which  is  so  eminently  a  faeies  of  tho  European  continent^  in  Burma. 
I  am  fully  in  ooncordanoe  with  Professor  Dr.  Martin,  that  ao  evideooe  warrants 
the  adoptim  of  W»  name  tor  any  part  of  the  Indian  Tertiary  system  whethec 
it  be  in  Halucbistan,  Western  India,  Burma,  Java,  Sumatra  or  Borneo.  "We  haTH 
as  I  repeatedly  pointed  out,  a  few  meagre  facts  to  correlate  oert&in  strata  with 
the  Eooene  of  Europe,  but  palseontologioal  eridenee  holds  no  longer  good  with 
regard  to  tbe  marine  bedsreating  on  tliaae  which  we  consider  as  Eocene.  The 
only  fact  wc  V now  is,  that  they  must  bo  youn^^er  than  Eocene,  and  the  natural 
conclusion  is  that  we  consider  them  as  the  representatives  of  .the  Miocene  period,  but 
to  eonelate  any  part  of  them  to  tin  OUgoome  would  niaen  iMumiag  a  view  vUeh 
oaanot  be  aupportad  by  any  palmntoilogioal  evidenoe. 


nL-THB  UIOCBNB  OF  BUBUA. 
1.— Devslofusnt  amb  SvB-DiTUioir. 
{J}-^Loioer  JSturmag  Prom  and  21n|wAmio. 

(a)  •nmui  ukabxi. 

Messrs.  Theobald  aid  Feddenis  eoUeotiona  hnTO  been  diielly  made  in  this 

part  of  Burma,  but  having  had  no  opportunity  myself  of  examining  the  Tertiary 
system  in  lower  Burma,  except  by  such  obiservatioas  as  could  be  made  by  rapidly 
passing  through  the  ooontry,  I  hare  sobly  to  depend  with  regard  to  tbe  stratigra- 
phioal  features  on  Mr.  Thoobald's  memoir. 

Mr.  Theobald  divided  his  Ptffm  gronpk  whieh  «orr«eponda  to  my  Ptgn  division, 
into  two  sulMLiviaions,  ou. 


t.  JPfWMbsds^ 
L  JUquleihalss. 


ff 
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The  loww  Mitgahn  shales  IM  accord  in;  to  Mr.  Theobald  unfosnltferons,  and 

the  fossils  coHnctnd  by  bim  come  therefore  all  from  tlio  Profnr  htnh,  nnd  if  I  am 
conect  in  my  interpretation,  tbey  must  all  come  from  the  upper  part  of  the  Promf 
b«dt,  that  is  to  My,  from  Mr.  Theohald't  groap  B,  the  lower  group  Aheing 

unfoseiliforous. 

Aftnr  ourervillj  sorting  bis  collections,  and  rejecting  all  doubtful  specimens 
six  borizoQSi  well  characterised  by  different  lithological  and  paUconiological 
featiire«i«oaldh«dirtiafaiahad,  biit  w  no  inftivaMtioii  bad  lieaa  Wt  aa  to  llw 
relative  vertical  position  oE  theoo  beds,  I  wai  abnlntelr  in  the  daric-  with  ngaid  to 
their  sequence. 

The  seotion  given  on  page*  88  and  M  of  Kr.  Theobald's  memoir,  as  well  as  a 
few  stray  remarlcs  scattered  here  and  there,  helped  materially  in  solving  tliis  problem, 
anil  though  I  am  still  not  quite  ccrtnin  ns  to  tho  position  of  some  of  them,  tho 
position  of  the  more  important  horizons  baa  been  fairly  well  fixed. 

Oa  page  84  Mr.  Theobald  states  that  the  apper  of  the  two  groups  Into  whioh  he 
has  divided  the  Trome  beds,  begins  with  "compact  marly  sandstone,  softer  at 
base,''  which  contains  "  Gardita  "  and  "  Cytherea."  There  can  be  no  doubt  thai 
this  bed  replresents  the  horizon  frequently  mentioned  by  Mr.  Theobald  as  Offkerta 
jNVNMMls-bed,  heennse  one  of  the  chief  ebanoteristics  of  this  horiion  is  the  large 
number  of  the  two  species,  Cvlherea  erycina  and  Cardila  prolovtriegata.  As  I 
have  proved  that  Cjftterea  promentis,  Theob.,  is  identical  with  the  living  Cgtherei* 
erjf^na,  ¥ter.,  the  horison  whieh  I  stjled  sone  of  Oflkerea  eryeuM  ii  lepwssnted 
by  this  bed,  which  would  thus  occur  1,418  feet,  plus  800  feet,  tlie  thiekness  of  the 
SUtyahn  8bales=2,200  feet,  above  the  base  of  the  Fegu  division. 

I  liave  not  been  able  to  identify  any  of  the  other  two  fossiiiferous  horizons^ 
mentioned  in  the  mnmnation  of  the  beds  compodng  Mr.  Theobald's  granp  B,  hut 
the  position  of  two  other  horizons,  important  on  account  of  the  ricli  md  woll 
preserved  fauna  they  contain,  has  again  been  fairly  well  fixed.  Mr.  Theobald 
writes  on  page  86  as  follows:  — 

"  The  dmnnel  of  the  Irrawaddi  here  intervenes  causing  a  bmak  between  the 

seotion  above  given  and  its  continuation  on  the  opposite  bank  

.  •  .  .  The  most  imporluut  beds  in  the  section,  however,  which  I 
think  mart  intervene  at  thb  plaee,  an  some  Tory  f  oeiillferans  blue  shales  which 
.    .    .    .  T  have  termed  Kama  clay." 

This  is  a  very  precise  and  clear  statement,  and  we  must  therefore  conelude 
thai  the  fauna  of  tbe  Kama  clay  is  younger  than  that  of  the  sone  of  Oftktrem 
erycina,  and  ooours  perhaps  1,000  ft.  above  it. 

AVhen  examining  tbo  collections  labelled  "  Kama,"  it  became  at  once  evident 
that  there  were  two  lithologioally,  and  as  it  afterwords  proved,  also  palseonto- 
loglBaUy*  dlffeient  hmiions.  One  of  the  beds  is  a  soft,  yellow  mnd,  hardly  argil- 
laoeous,  in  wbicli  tbe  shells  arc  simply  bleached;  the  other  is  a  bluish  green 
argillaceous  sand,  in  which  the  fossils  have  a  slightly  reddish  tinge.  Altera 
little  piaetiea  ii  is  impomible  to  mistake  the  fossils,  even  if  tbcy  should  hnve 
beoome  mixed. 
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If  we  Mrame  that  the  bluigh  nod  npraamti  tlie  Eudb  iIuileB  properly  speak* 
ing,  the  position  of  the  yellow,  arenaceous  horizon  it  doubtful  so  far,  as  it  cannot  be 
stated  whether  it  occurs  above  or  below  the  former  one.  Certain  jinhi'Otitoloi^ical 
reasons,  of  which  I  shall  apeak  more  later  on  (pages  137  aud  i'db)  have,  however, 
lediDetobeliefvtliatthayeillovttBdiaolderthvii  the  Uulah  MMw  I  atjrled  tin 
{otmcr  zone  ot  Prtrallelipipedum  prototortuoxum,  and  the  htter  the  Kama  slmles 
properly,  xone  of  Area  (heoitaldi,  and  these  borisons  wonld  ,aooar  about  3,300  feet 
■bote  the  base  of  the  Fegu  diTinon. 

Tliere  are,  however,  three  or  pednpe  four  more  foariUfBioiii  hanMiu  whieh  I 
desi^^nated  zone  of  Osfrea  peguensii,  zone  of  Onfrra  promeniit,  zone  of  Pholas 
orietttali$,  and  sone  of  Aricia  himerota,  tlie  position  of  which  can  only  bo  guessed. 

The  first  two  eonea,  that  of  Ottrea  pegueiuia  and  OafrM  promtmtht  reprssent 
0«irea-b«ds,  probably  oxelusivnly  built  up  of  the  shells  of  these  speeies,  but  as 
neither  species  has  been  found  in  any  other  horizon,  we  are  perfectly  in  the  dark 
as  to  their  position ;  they  may  ooonr  anywhere  between  the  sooe  of  Cgtherea 
eryeina  and  TttrrUella  aeuUeturinatot  though  perhaps  it  is  probable^  for  reiaoDB 
further  explained,  that  they  oecur  above  the  zone  of  Area  Ih^ohaldi.  Tliere  are  a 
few,  though  very  faint,  indications  with  regard  to  the  position  of  the  remaining  two 
horiioiii ;  bofli  are  wpfeeonted  hy  a  dark  groen,  Tery  glanooiiitio  aandatone^  and  ai  a 
conaiderablenumberof  apeeiesocoairingin  both  horizons  are  common  with  thefaona 
of  the  zone  of  Ci/(herea  eryeina  and  that  of  the  zones  of  ParaHflipipedutn  proto- 
torlmaum  and  Area  theobaldi,  I  assume  both  horizons  to  hold  an  intermediate 
position  between  that  of  OtflkoFea  try^ma  and  the  other  two  mws.  This  view  is 
further  strengthened  by  Mr.  Theobald's  section,  aceordin;::  to  which  no  fossiliforous 
borisons  occur  below  the  bed  containing  C'ytherea  and  Cardita,  but  no  definite 
pontim  ean,  howerer,  be  assigned  to  them ;  we  most  therefore  leave  it  an  open  quei* 
tion,  in  which  part  of  the  514  feet  above  the  zone  of  Cytherea  eryeina  they  occur. 

"Above  the  Kama  shale  occurs  a  very  t)iiek  series  of  sandstones  and  sbales> 
which  do  not  present  any  bed  suilicieully  well  marked,  either  by  mineral  character 
orfbseil  contents,  to  eerve  aa  a  servieeable  boHson  for  the  division  of  tliegroap. 
(Theobald,  /.  c,  page  ^(1)  There  are  some  alight  means,  however,  of  judging  the 
position  of  some  of  the  highest  beds  of  the  present  group,  as,  for  instanoe,  the 
oeooRenoa  of  a  species  of  '  Turritella, '  hardly  distinguishable  from  one  now  living 
on  tlie  coast,  which  seems,  where  it  occurs  plentifally,  to  made  a  high  position  in 
this  group."    (Theobald,    <?.,  page  87.) 

From  these  remarl£.s  we  may  suppose  that  the  most  important  fossiliforous 
borbona  near  Thayetmyo  and  Frome  are  reatrieted  to  the  middle  part  of  Theobald's 
Pegu  group  as  represented  by  group  B  of  bis  Pra/ne-beds,  and  that  above  the  sone 
of  Area  theobaldi,  only  a  few  fossiliferous  Horizons  occur,  among  which  are  perha{ie 
the  Os/rea>bed8,  and  one  containing  numerous  specimens  of  a  Turritella. 

(d)  DiTAixra  sMOftiraow. 
1.  The  Siteyakn  sbaks.— *'1%e  base  ^  tiie  P^u  group  would  appear  to  consist 
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of  ft  flliok  de]MMit  of  shales,  with  a  little  sandatooe  very  subordiaately  de7e)op«d 

 The  Sitsyahn  shale  li  a  blue,  Bomewhat  cluiichy  clay,  with  very 

little  appearaooe  o£  bedding  save  towards  ita  upper  portion  where  sandstoao  couraes 

begin  to  «oiiib  in  It  it ,  m  fu  aa  I  kaov,  cmtbelj  nnfoMiliflBHM% 

and  along  the  long  expanse  of  this  shale  belov  Bitaffninit  I  failed  to  dsteot  the 

•lightest  trace  of  any  organism  whatsoevmr  No  estimate  can  be 

formed  of  the  entice  tbicknesa  of  this  loww  divioon  of  the  group  ;  bat  I  think  that 
doae  on  400  feat  aio  hare  {tit.,  near  Sitsyahn)  seen,  and  probably  tvice  that  amount 
would  not  be  an  orer^eetimata  fair  the  entire  thioknasa  of  tUa  diriaioo."  (IheobaUt 
L  c.t  pages  81  and  83.) 

8.  JivaM>-modatooa.— Above  the  SUtfuiim  abalaa  fbUowa  aaeriea  of  oUaAj  aien- 
aaaooB  beds  with  subordinate  layers  of  olays.  According  to  Theobald  the  sandstones 
are  of  grey  colour,  but  no  mention  is  made  of  any  fossiliferous  borison  in  his  aeo- 
tion  on  page  83,  and  the  inference  that  this  group  is  unfossiliferous  would  therefore 
be  fully  justided.  If  this  be  the  case,  and  we  haTO  at  preaent  no  farther  prootaeoii< 
ttadicting  this  view,  it  is  perhaps  probable  that  the  lower  part  of  the  Miocene  near 
Trome  and  'i'tiayetmyo  is  unfossiliferous  and  equivalent  to  the  \uifoi«iliferous 
■eiiet  eontaining  the  petroleum  in  upper  Btunttt  Tba  davalopaiaDi  a£  tiie  Miooene 
in  lower  and  upper  Boimft  would  tbaNfova  be  aaaelly  alika,  but  farther  proofs 
are  of  ooarae  required. 

8.  Zone  of  Gjftherea  erjfeina,  Paranne. — The  lowest  known  fossiliferous  horizon 
ia  a  bed  of  oompaet  marly  sandstone^  of  fire  feet  tbiokness,  forming  the  baaa  of 
Mr.  Theobald's  group  B.  The  sandstone  is  rather  hard  antl  almost  entirely  built 
up  of  shells  of  Cgtherea  erjieiaa  and  Cardita  protocariegata,  both  species  having 
almost  alwa ja  tlia  two  falTea  united.  Oiber  apaoiai  are  mueh  laai  eommonp  azoept 
perhaps  OerahtnoktM  ofaedtijoisH*.  Tbefollowliig  u  tbaliatol  toiiiladeaoribad  from 
this  bed  :<— 

I.  CuaMfoektu  aleotiuauUf  spes.  nor. 
t.  tUiiamm  OitHaetitm,  MIIm  Bdwanla. 

3.  Peetea  iukeniintui,  »[>eo.  nov. 

4.  Oardita  fratowrugata,  6p«t:,  nov. 
a.  CfUtrw  trynm*,  Sbvaim*. 

6.  DtOHe  prvlulilaeina,  »pi-c.  nov. 

7.  frolopAilippinaram,  ipte.  uov. 

8.  Dorinig  fntoJuwnHii,  rgaa*  nev. 

9.  Tdlina  jrimeii,  apso,  MV. 
10:  TrocAuiftp. 

11.  FttmttU  Jairaniit,  K.  Mutia. 

IS.  Katies  tallMo,  Somiby. 
IS.      „   oi$e»ta,  8«w«1qr. 

II.  Siyarelut  aerituiJtutflMai, 
li.  RaatUm  tl^aat,  Beek. 

la.  JVarm  fr^oMfUinkti,  ipsB.  nor. 

17.  Pyrula  pwjilina,  B  rn,  b(>«c. 
13.  Ameiilatia  ef.  ctru4iin,  Sowwbjr. 

19.  ArIii/c  tft9. 
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21'.  Coxat  avaentit,  gpcc.  nov. 

21.  Bixlanw  iin'i'itiiiiii  tiM,  L1BII& 

4.  Above  tbc  zone  of  Cytherea  erycina  follows  a  series  of  beda  measuring 
•cooidmg  to  ICr.  Theobald,  541  t««t  in  tiiielmeaa,  whioh  oootaio  ssvenl  fosBiKferooa 
horizons.  As  the  Si(syahn'%\i&\es  anrl  the  Prom«- sandstone  are  apparently  unfossi- 
liferoua,  I  do  not  tbink  that  I  am  wroog  if  I  attribate  the  following  two  zones  a 
pifaioe  hi  this  aeriea,  though  it  moat  lie  kit  to  futufe  nmiehee  to  find  oat  their 
proper  position,  and  to  decide  which  of  the  two  is  the  older  one. 

■li.  Zouo  of  Fho'.as  oriendilis,  Gmelin. — This  zone  is  represented  by  a  hard 
quartzitic  saudbtone  of  very  dark-groon  or  brown  colour ;  the  shells  are  generally 
snowy  wliite^  ud  aldiia  oat  brilUaDtly  againit  the  amoondiaff  natter;  they  ore, 
however,  grenerally  not  well  preserved,  and  mostly  strongly  wcatherod,  particularly 
the  pelecypodan  shellsi  Ibe  most  common  species  is  JPhola*  orieatalii,  Gmeliii, 
wliila  the  other  (peeietftTe  known  only  by  a  few  speoimeiii.  Thtlbilaiwingis  tlw 
listofspeoiee  described  from  this  bed:— 

I.  nOMm  iktnttnm,  IGloe  Edwaids. 
t>  feetem  Mmhmm,  tpn.  mn. 

4k  Am  oldhariima,  ep«0.  nOf. 

5«  M    haUtiaM,  K.  Martin. 

4.  ,1    ftttkiKnt,  d'AroliiM  and  HstdM. 

7.  CariUfa  p'ant^os'ata,  sp^c,  nor. 

8.  Meiotardia  protovulsarit,  «|i«e.  oov. 

9.  P«<rf MMrlCt  tiMt.  mv, 

10.  V«n»» frotoJIttHota,  9p«c.  nov. 

11.  Cgtkerta  eryeiaa,  Favauine. 

12.  „  yomalfmri$,tifM.wii't, 
18.  Liuite  protolilaein*,  spec.  aw. 
li,     „   amygdah'det,  tpec  anT. 

15.  „    proUrpkilippinarum,  ipM.  MOV. 

16.  7(/A'm  ^rtmai,  vpM.  BOT. 
IT.  fiUaeta,  Ham, 

18.  4i7/i.  NMtlier. 

19.  SoltHBfec. 

M.  Mmelrm  pntontiriit  ipM.  nov. 

tl.  Ciirhula  tocialit,  K.  Martin. 

tX.  fhulat  oTitvialh,  Omeliii. 
23.     „     llatiforihmUt  spwi  wiir. 

84.  &jlanum  sittnt,  upec.  bOT. 

26.  Calyjitrafa  rujuia,  Noetlin];. 

t6.  Katica  flieiira,  Sowerby. 

17.  AneUUuri*  qf.  Mnudti,  Sownrhy. 
n.  (Khhm  mtaM*,  spM.  nor. 

d«.  Zona  of  Afieia  kum«M$a,  Sowerby,  spec,— Jiithologicaliy  this  zone  is 
obuaoterised  by  bright  green*  fairly  hard  tandatone^  the  foHfls  are  generally  ivaU 
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preservcKl,  but  exhibit  a  peculiar  reddiih  or  oohre  tinge.  The  followiag  ii  the  liyt 

of  fossils  described  from  this  bed  : — 


1.  FhbflUm  diitinelum,  Mihiu  Edwards. 

i.  8jM»dflu*  $ptc> 

S.  Limm  gtitthatiUna,  ipec.  nor, 

4.  PviUm  apM.  nov. 

8.  fktrm*  rnqum^  d'AfoblM  ud  Hum. 

C    J,     jjtMwIttittHt  tfm.  war. 

7,  Ommttttm  rottrmU,  Lamtrok. 

8.  Catiium  profvtubrvyoiuii,  (•[•es.  WT. 
9*      H     mMn»n$*,  tpec.  dov. 

10.  JH9M  amfftUOoUei,  wpae.  laow. 

11.  „     pr"'.i.<pkilipfiinatti<a,  tip«f.  nor, 

12.  Jlotinia  proUJuvenilii,  spec.  nor. 

15.  lU|jMffAMi{,  qwe.  bot, 

14.  foliacca,  Re.L'Vf-. 

16.  „      mil,  Nottlinj;. 

10.  &>J!an'«a  eoniformt,  spec.  nov. 

17.  FermetuiJ»Mnm$,  K,  Uartio. 

18.  JeMopiorm  iirmtiMm,  tpce.  hot. 
IB,  Catfptraea  rugota,  No«lling>, 
SO,  jVaitm  «iMo«a«  Sowwbjr. 

Bl.    ,1    oiwvfw,  flowirbj. 

22.  ^rcta  ^aarroij,  Sowerby  tpM, 

£S.  &mUs  Beck. 

E4  A«iit«fflici/,I.]faitiii. 

S&.  0/jM  rts/Wo,  Duclos. 

M.  JaeiUaria     ttrnedti,  Suwerfay. 

ST.  Aifab  VM, 

I8>  CoKtu  It'tfratm,  linn^. 

89.  aracntii,  epcc.  dot. 

SO.     „     jiitleiaHyt,apec  nov. 
St.  Balanm  tiHliniitiMum,  Ltiin^. 


5.  If  I  correctly  interpret  Mr.  Theobald's  view,  he  thinks  that  nbo\  c  the  section 
described  od  pages  83  aad  81,  but  below  the  Kama  clay  there  follows  a  series  of  beds 
whiek  an  bidden  Ij  the  Imwaddi,  In  otiier  irordi^  <be  Kama  «tUy  do«a  not  tooceed 

inimedirdely  on  the  \op  of  tlie  last  bed  mentioiR'd  in  Lis  sfdioii.  Tbo  tliiokncss  of 
these  beds,  supposed  to  be  500  feet,'  will  be  rather  below  than  above  the  mark. 

0.  Zone  of  PartiMip^fitbm  firoMorttiottim,  spea  nor.— This  warn  h  represeoted 
by  «  very  soft*  finely  groined  aand>Took  of  yellow  coloor,  which,  when  soaked  with 
water,  ea<<ilT  crumbles  away.  Nothing  definite  is  known  about  the  thickness  or 
exact  position  of  this  zone,  though  palteontologically  it  represents  one  of  tlM 
moat  impoortant  ones  of  Uia  whole  ieriee.  The  foaula  ava  beratif nlly  picaemd,  hot. 
iriiat  ia  lemarfakbk^  with  a  few  exoeptiowt,  the  Fdeoypoda  are  mndi  better  preserved 
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than  tho  Gastropoda.  The  shclh  nlmost  reMnnUe  living  QOM,  pioikfld  up  OH  the  toa* 
shore,  only  that  they  have  lost  their  colour. 

The  most  ohataotorulie  ^eoim  ia  Ftiroltelipipedtm  protof«rfaotmw,  a  speokt 

wlu'ch  has  not  been  found  in  any  of  the  other  beds.  The  following  is  the  lilt  of 
fossils  described  from  this  bwl,  and  though  it  contains  tlio  larc^ost  number  of  species, 
I  have  not  the  slightest  doubt  that  it  is  uoi  exhaustive,  aud  future  researohes  will 
prabehlj  ooniidmibly  iweU  tiie  number  :— 

1.  Cer,tlo'rofhut  ahckianv,  apcfli  WT. 

2.  FUbtUum  dittiaetnm,  Milue  Edviidt. 
$.  ttntftktu  eatmlm,  Dnncaii. 

4.  Cidarit  tpfc. 

b.  Ottrea  fapyraeea,  «pec.  nor. 
8,  PmIm  MeuiaMmt,  tfua.  nov. 

7.  r^hfV-'i  liujui-tigrit,  spec.  noT, 

8.  Area  iiurneti,  d'Archiuc  ftiid  Hsiino. 

9.  f,  gawentU,  ipec.  nov. 

10.  M  fwf'fMu,  d'ArtluM  and  Utilua, 

11.  PwtMlifiptdum  ptohhrhuMm,  tpao.  nor. 

12.  Nu^uU  ptaptituia,  spcs.  mt. 

13.  JMm  Mait$i»,  nfta.  nor. 

14.  Cariih  pntnnufatu,  apM,  hot. 

15.  „     viquttteli,  d'An  lii.ic  nnd  UaUM^ 

16.  XnctM  MMfgtMMOM,  spec.  DOT. 

17.  M    JM|f*IM>  (PM*  aoT. 

IB.  Cardium  prctotubrK^orum,  spec.  MfV 
19.      M     miitbtMmtt,  spac.  nor. 

?1,  Cfthertn  frtr'na,  Fav.nint', 

£2.  Diuitt  proioliiin-tiia,  iipuc.  iiuv. 

IS.     M    mrrakaneitiit,  ipWh  nov. 

t4i>     „    amygJaloidet,  spec.  nov. 

t6.    „   prottpiifippiiurun,  spaa.  aav. 

(6.  Do*inU  prolaJm9t»ilit,  apaa.  aar. 

£7.  Tetlima  grintti,  tigto,  nov. 

S8.     „    praMriaii^  apao.  no*. 

I9>      ,t    pratteaitiiida,  spec.  hot. 

SOl,      „    iniiftrtn*,  spec.  noT. 
SI*      „    foliaeta.  Reeve 

8S.      „  Noetliog. 

88.      „    pttudokUU,  spao.  nor. 

Si,  Am  «al(Ml^  apa&  HOT. 

8(.    H  yraMMy^  qpaai  aov. 

88.  Bittnlm  tnl&it,  apaa.  nor. 

37.  Mtttlra  protorfevnii,  apee,  nor. 

88.  CorbnU  MtUlit,  K.  Martin. 

89.  DMlaliim  JmfttM.  K  Xartia. 

40.  Sofarium  naiimm.t,  I'Siilippi. 

41.  8«mUrM  birmaniea,  Noetling. 
««.  tfaff«clh«jinflar,faakiaa. 


lAUNA  OF  THE  MIOCENE  BEDS  OF  BUIIMA. 


43.  TarrUttta  aemticariuaU,  Donlctr. 

44.  w       ItiopUurata,  tpeo.  dot. 

47.  rir«Mto«y«wi(Nt,K.  Mutin. 

45.  ilTafiw  MlltMj  Somrbj. 
48<  ^  viif  HVt  80wnby> 
•P.    M    fwji  jM*!  opM.  MV. 

51.  Sigaretnt  nfriloidtUtlMMmL 
62.  i'i«aia  «/c«. 

54.  n     ehgamt,  B«olt. 

55.  0/ir«  n/ti/a,  VmIm. 

56.  Clavalttl*  mmnga,  tpte.  nor. 

57.  GuMM  41NHNUW,  iiMe.  nov. 

58.  „   fuMMn,  tpae.  mot. 

59.  ji  |4M««,  ^M.  HOT. 

99.    n  jHW<e^imM^  ^0.  nov. 
51.  KnfitmU  tem'to»  K.  MaHia. 
02.  BiliHui  Linnf. 
Oy,  r',j,'i'iaf».jijii  /.iVm  i.-ii'i'ii,  sjiej.  hot. 

7.  Zone  of  Area  iheobaldi,  spec.  noT. — For  reMoas  stated  above  I  think  that 
ihii  waoB  xepnwnts  the  trae  Emaoi  olay  of  Iftr.  nMobaM ;  tN  matrix  in  wlif oli  tiie 
tomnh  arc  containod  is  a  bluish-gieen  arenaoeotu  day,  which  readily  crumbles 
away  in  water.  The  sbolls  nrs  quite  as  well  preserved  as  in  the  Zone  of  Paralleli- 
pipedum  prototortuotum,  though  perhaps  not  with  the  same  sharpness  and  clearness 
fifdetaiL 

The  mn^t  tvi-ntnoti  «pi>nii-9  is  Arcn  theohahli,  nnd  chiffly  on  nccount  of  this 
species  I  attributed  a  higher  position  to  tbis  bed  than  to  the  zone  of  Paralleli' 
pipedum  pndt/knimwm.  AteafhttM^iM  aooloielyrafatedto  .^nM  humeti,  one 
of  the  most  common  npcoies  of  the  sone  of  ParalleUpiptdum  prototortmotum,  that 
at  the  first  glance  it  luii^ht  hn  mistaken  for  that  spcfies ;  on  closer  examination  it  will, 
however,  be  found  that,  while  in  jlrca  burneti  only  the  left  valve  exhibits  a  certain 
omanMintatioo,  the  nniB  onumMotatian  oominoii  bothvalTca  in^rMlAMftoftfj; 
a-ssuniing  that  the  more  difTcrentiatpd  species  holds  a  highap  ]XMition  in  the  sequence, 
I  placed  the  sone  of  FaralUlijiipedum  prototortuotum  beknr  fhat  of  Jrca  iAM- 
IMk  Tb«foUowiiigia  a]iit(tf  qpeoieadewiibedfiraaitliialied:— 

1.  f&mfttkw  taerulnu,  Daoon. 

5.  CUhuit  tpee.  1. 
Z,      „     *pee.  9. 

4.  Ottrea  papfraeta,  tpte.'nof. 

B.  PecU*  iolenianui,  tpeo.  no». 

6.  Area  lk$oialdi,  ipec  oov. 

f .    K  mMkidrigmUt  spee.  vm, 

8.  „    ayoi-niii,  spec,  nov, 

9.  „    vaaatdu,  K.  Martin. 
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11.  ^'ucnla  akocti,  Noetiing. 

12.  Ztda  Ttrgo,  K.  Martia. 

19.  Dione  prololilaeina,  tpec.  nor. 
14.     „  amjrgdahidet,  ipac.  nor. 

»  ffoiofiiliffimtnm,  uftt.  wn. 
14.  r«Wa«  ^'mi%  ipM.  BMP. 
17.      M    fnttOritdvla,  ipn.  MTi 
18»       »    ftliaeea,  Reeve. 
IB.      „    hilit,  NoetUng. 
M.  Qmi^otMitit  apeo.  nov. 
SI.  e§rtmU  udaht,  K.  Mortin. 
tta      M    JfttMnmeata,  spec.  dot. 
S«.  AfiiMfiHi  taUftrt,  ipce.  Mr. 
S4»  Calliolioma  ivneniaitum,  apM.  aov. 
M.  BanUf*  lorioliava,  epvo.  nov. 

20,  SVlKMa proiomonili/era,  tpee.  noff'. 
t7.  JrfaritMi  MMMiKM,  FhitippL 

SB.  Tirimtfnled»nuo$a,  tpeo.  dot. 
TmnitMa  $implex,  Jeokins. 

80.  «       Mit^rMM^  Dnakar. 
U.  Caijfftfatm  nt^oM,  Noctlii^ 

8S.     M     obteura,  Sowerby. 

ST).  Fottarm  iratit'^,  sppf.  nor. 
30,  Jtimella  icripta,  Suwprby  spee. 

87.  Qaleodta  monili/era,  spec,  nnv, 

88.  Tn'to*  pardaiitf  Noelling. 

89.  „    n«atol»bH»ti*,  vpec.  nov. 

40.  Pertoua  jautama,  spec.  noT. 

41.  Statll-t  proMabereulafit,  ipM.  bpt. 
4C  JBIanM  jirolotfylantea,  •pM.  nov. 

4').  Slarffinrlla  lertpta,  BmTCU 

44.  Oi*m  nffuia,  Duclof. 

46.  C!iM««Mi>w  Mmw(«lfl%i,  tpce.  wnr. 

4*5.  ,,  I'lr^irfj,;,''?,  «p.X\  nov. 

47.  Sttiottrebrum  pruiomyurot,  ipec.  nOT. 
46.  If  iMMiMtoM,  apee.  noT. 
49.  „  bieinetum,  K.  Martin. 
60.  Tere'ymm  proUid uplicatum,  ape&  BOV. 

81.  Pifu,- ■!        i  :r{aatca,»ft0,uav, 
88.  SumUt/tddeH*,  Noetling. 

88.  JMUm  fnttimUrrupta,  spM  nor. 

54k      w    promentU,  »p«c.  nor* 

88.     M  fntodn^,  apte.  nmr. 

80b  Cmhu  CMMMtr,  ipMi.  aor. 

S7.  Bixlaisus  tintinnabulumilavai. 

5B.  Caliianaua  birvuutiea,  ipeOb  DOT.  . 

8.  Tkayetmyo  aandstoDe.— The  sone  of  Area  tkeabatdi  closes  the  fowilifer* 
ouB  wtes  in  loirar  Bonus  at  l«a«t  aeoocding  to  Ur.  Tbeobald  no  move  foaaiHronua 
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beds  oocur  above  the  Kama  clay,  ozoept  at  the  end  of  the  series.'  Mr.  Theobald 
only  statM  that  thla  aniM  it  composed  of  MndstonM  and  duilea,  but  givv  no  putf- 
culars  as  to  colour  or  thicknesa.  I  pretumo  that  yellow  tinges  prevail,  becanae  to 
judi^e  from  Mr.  Theobald's  section  on  page  84  it  is  unqaeatioxtable  that  yellow  colours 
preponderate  in  his  B  group,  and  because  in  upper  Burma  this  colour  generally 
lapetMdM  tlui  grey  tiogo  of  tbo  lover  bad*.  At  legiide  fho  fhiokDeaa»  it  fa  dilBealt 
to  form  an  opinion  of  what  Mr.  Theobald  moans  by  a  "  vory  thick  sorif"i,"  but  I 
luppoae  that,  if  we  estimate  the  thickness  to  be  about  1,00U  feet,  it  will  be  ratboT 
below  than  above  tlie  mark.  As  already  atated,  I  beliavo  that  thoionea  of  Osfrw 
promentit,  and  Ottrea  peguenais,  if  both  tMllf  OOOW  ilk  diffeWDt  borimi  ud 
not  together  in  oni!  bed,  are  found  in  this  scries. 

9.  Zone  of  Turriteila  acutiearinata,  Dunker. — Mr.  Theobald's  collection 
does  not  oontain  any  ipwimwiw  horn  thii  bad,  and  it  Is  only  on  the  etnugtb  of  bis 
remark  of  "  the  occurrence  of  a  species  of  T«rrt;e?/(j  hardly  distin^ishab'.e  from 
one  now  living  on  the  coast"  which  can  be  only  this,  or  TurrileUa  timple*, 
Jienkina,  vbiok  could  come  into  ooniidaiatian«  for  boUi  an  certainly  '*a>7  akwa 
lelatiTeB  of  tba  living  2MM(a  dttfUomi^lkvt  I  eall  thaiooa  by  the  nainA  of 
tbia  species. 

This  zone  closes  the  I'egu  division,  and  immediately  above  it  follows  the 
IfTMBMicK  aeries  (Foaril  wood  gronp,  Theobald)*  Tba  aeetion  in  lower  BnnnawonU* 

therefore,  be  in  descending  order  as  follows : — 


Pli««Mib 

bimnddi  Sniw  (FsmU  «ood  giwap). 

ThtokB»» 

a.  XdM  tt  TmriMlo  aeutifrinata,  Vanka  . 

10  fett. 

a»  Ai||KrfM||pMMdllBaS        •       •       «       ■  1 

M  tmB id Oatm  f^ftmilh^o  w.  r 

1/>00  a. 

6m  ZoM  of  0$tria  fnmmub,  agm.  Mr.  / 

n 

7.  Zon*  of  Area  lircha'Ji,  npiv.  nnr.             .  ^ 

■B 

§ 

6.  Zoa*  of  ParalUlijiiptdum  pr(>t»tort*<u»wi,wgte,^ 

i 

1 

5,  Sandilonofl  and  a^il«s  not  Mnrn  .... 

•»  . 

U,  Zone  o{  PUlai  &ri*alaUt,  QntL    .  . 

04  . 

4a  Zoo*  of  Arieia  humtrtta.  Sow.  opec  , 

8.  Z«oe  ol  Cftitna  *fjftina,  Fn.  .... 

i 

■s 

i.Ma  « 

« 

MO  . 

'  1  IDfty  nirntioh  1;cru  II  ut  iVif  .triilft  Fnnn  wliich  Mr.  Tboot)*Id  oLU^ned  &  Pifviodia.lfxna   ftfid   r<t)i^r  KcKiqoidf 
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{B)— Upper  Burma, 
(a)  Ml.vBO. 

Though  of  course  Tertiarj  b«ds  are  exposed  eveiywhere  north  of  Tbayetaiyo 
between  this  place  and  Minba«  no  ezaminatioo  has  bean  carried  out  in  thii  part 
vt  iha  oomttry;  Tbe  loittheminoat  loeality  wh«re  Tertiary  beds  1i*T«  b«ea  rtadied, 

is  the  ^mall  villngo  of  Minhu,  Lnt.  20°  10'  N.,  Long.  94°  M'  B.,  on  flu  right  Iwak 
of  tbe  Iriawaddi,  423  miles  north  of  itangoon.' 

Any  aeetbn  n«ar  Hbilni  taken  from  tbe  Hver  b«nk  in  WMlem  dlreDtion 
proves  that  the  strata  form  an  nnaymmetrical  anticlinal  arob,  the  sides  of  which 
are  formed  by  tho  Trrawaddl  scriea,  while  in  the  centre  the  Pe^w  division  is  exjWBed. 
Hear  tbe  riTer  ihe  beds  dip  vertically  and  are  even  rerersed  at  some  places  ;  tliia 
vertieBl  ^  ocmtfamea  for  a  distaaoe  of  tjbunt  1»000  feet  horn  the  Hv«r  beak, 
but  then  the  anf^le  lessens,  and  within  n  rli'i^,ulcp  of  600  feet  in  horizontal  direction 
from  the  last  Tertically  dipping  bed,  the  strata  dip  at  an  angle  of  16°  towards 
eait ;  the  angle  becomes  amaUer  end  am&Uer  till  it  heeomes  perfeetly  horisontal 
In  tbe  low  ridge  forming  the  northern  end  of  the  valley  in  which  the  mud  yolcanoe* 
are  situated.  The  dip  assumes  now  ratlier  quickly  a  western  direction,  and  an 
angle  of  12°  to  15°  is  observed,  which  apparently  remains  unchanged  as  far  as 
I  have  followed  the  alaata  hk  WMtetii  difeetioin. 

The  strata  exposed  in  this  anticlinal  consist  of  lajnti  of  hard  sandstone 
near  the  river  bank,  separated  by  beds  of  brown  clay ;  the  bard  banks  disappear 
and  are  gradually  replaced  by  oUre*<9oloared  clays,  containing  gypsum,  and  an 
oooasiomal  thm  leyer  of  flaggy,  bard  sandstooe.  In  the  centre  of  tbe  anticlinal 
the  clay  assumes  a  more  bluish  colour,  the  interealatod  beds  of  sandstone  being  of 
brown  colour ;  this  last  named  series  is  exposed  for  about  150  feet  in  thickness 
and  eoataina  the  fanna  mentioned  bdow.  Uuce  are  apparently  several  foarilifBrau 
hade,  hnt  the  fauna  here  described  oomea  from  a  bed  of  light  coloured,  calcareous 
sandstone  close  to  the  surface  which  I  termed  tbe  zone  of  CMMsUeiie  MorfinjaM. 
Tbe  following  fossils  have  been  described  from  this  bed 

1.  ParacjfatAu*  eaeruleui,  DonoM. 
t.  ^«efM  immiieatt  spaa,  aev. 

3.  Pinma  tpee. 

4.  Area  Uttrifata,  Bonhtr. 

5.  JVtieit^a  mIcocH,  Noetlioy. 

6.  J>i*n«  dubiota,  Noetlinp;. 

7.  „    protopiilippiiutrmm,  tpeo.  aoi, 

8.  Teilina  hilli,  Niwtliog. 
0<  Gan  kiugi,  No«tling. 

lit  OnMu  prototruncaU, 

IL  CMiaUma  bUi^ordi,  NMtliif. 

IS.  Solmrium  nMimai,  IliiUj|i. 
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18.  Ttrinif  protodonuota,  Vfnit*  wut, 
1«,    M     huddia,  NMUiBf. 
15.  KitMUmmhud^  Votiing. 
Id.  SiuUrim  tptUittj  qMW.  hot. 

17.  «      iwiMMMt  NwUiag. 

18.  „     ImyMfant,  Noadinf . 

19.  TitrntelU  offia'/ormii,  spft.  nor. 
SO.  CatfplrgM  ngiM,  N<  ctling. 
ftl.  JVaMw  «i|{iMai  Smrarbjr. 

22.     „      eltctira,  Sowcrby. 

85.  Cyptata  jrauti  /I'Arctuiiu  uud  Ilkime. 
S4.  Cauii  d'areliaci,  No«tlii^. 

£5.  Stmieautt  protojaponiea,  fpeei  BAT, 

S8.  Onucidia  minhuenti;  NMUiag. 

ST.  Firula  tievbaldi,  Noelling. 

*B.  TritomfarthUit,  VioriXmg* 

n.  Xow Ac  fntoMtrttiUnt,  upta,  avr. 

SO.  /W«M  teminmiM^  ipM  MV. 

S2.  jr«m«  arraloMiiift,  WortKBg. 

83.  Tnlvaria  lirmaKi  i,  Nin-tliug. 
34.  fotuta  fingtni,  spec  nov. 

86.  J.    iMMm,  Soirarty. 
8C  OKm  f«/ii/4i,  Ducloi. 

87.  Oiwiwfftfta  davidtonif  d'AiduM  Md  Haim*. 
88i       M       «MfifM«Ms,  apn.  nav. 

89.  Ttrtinmmim,  Clbrtiii. 

40.  Snhmlaipee. 

41.  ^urcn/a  feddeni,  Noetling 
48.  Qmta  irravadiea,  Moetltog. 

48.  Ctmatnia  protonodifera,  »\>vt,  nov* 

44.  Drillia  prot^iHiilerrHpl  $,aSf»O.W)Wt 
48.  Cmm  iM/aeMJHMi  Hwaa, 

48.  JfalosHf  f  jii<Mm4*)iia^  LiraiC 
47.  CjlUanatta  bimudea,  tfut.  uvw, 

45.  Came»t§te, 

80.  Carriaria*  yai^Oim,  UVOm  uA  Bmk. 

81.  Oaleoetrd«  iftk 

88.  £«mM  ipa/frama jf,  Btmqvte. 


The  delimitation  of  the  beds  oompoBing  thia  section  ia  not  veiy  easj;  it  seemt 
vnqiMMtioiiAUe^t  no  atrata  Monging  to  tiM  Fremttan  Inmooiiie  to  ttenuflMxik 
though  the  existence  of  this  group  in  gNAtor  depth  is  apparently  proved  by  the  mad, 
ejected  from  the  mud  volcanoes,  the  appMiMioeof  whioh  is  exAotiy  alike  that  from 
the  drilled  bore  holes  of  Yenangyouog. 

The  ooeopeoce  of  fkagments  of  foeail  bones,  among  wUoh  THoi^*  ipee;  «m 
leoogniied  ia  aoma  of  tiie  oongkmaiatio  bedi  bmi  Um  livcr  liaiil^  piom  that  th« 
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strata  here  exposed  belong  to  the  Jrratoaddi  series,  though  there  u  undoabtadly  ft 
gmdosl  passa^  to  the  upper  bede  of  the  Teaanffgottugiam. 

The  set  tioa  expoaed  near  Mmba  oonUl  tberafoie  in  dewseBdivg  oider  lie  inter- 
prated  as  followa :— 


MtNOM. 

ImnnUieHiM 

I 

K 
a 

S>  ifiitbu  thalM,  i^live-coldnnd  onCoMilifaroo*  cU; 
«ith  laji'n  of  hard  r  inritiwtrj  MMMmw    «  • 

.1 
1 

m 

£ 

1 

s 

■I.  Rliiiah  rlar,  cnf  i-«ilif>i-r4lli  .  .  •  .  , 
3.  Zone  of  Caur*ltaria  mariiniama,  ipM.  DOT. 

160  „ 
6  » 
160  „ 

■ 

s 
a 
t 
Ri 

1.  PriNliitiMM  mMm*.     alifi  Mt  tipoMl 

Thicknm 

UkMWB. 

(A)  Yevan'gyocxo. 

The  important  Tillage  of  YeDangyonng.  Lat.  20°  29'  N.  and  Long.  9i*56'£., 
is  situated  on  the  left  beak  of  the  IxTavaddi,  4B8  miles  north  of  Bftngoon.*  The 
itntafbrmaTery  flat,  symmetrical  anticlinal  arch,  the  top  of  which  has  been  greatly 
planed  down  by  subsequent  denudation.  As  almost  all  the  chief  vallers  cut  the 
antiolinal  arch  at  right  angles,  very  good  sections  can  be  seen,  bnt  it  is  only  for 
the  eompantirely  umH  hociaantal  distnuw  of  S,100  faefei  mearand  aloiig  tte  line 
«f  greatest  exposure,  that  beda  older  than  th«  Imnwdtfl  eeriee  are  expoied  in  tlia 
ontre  of  the  anticline. 

Itfarching  from  the  river  In  eaitem  direction,  strata  belonging  to  the  ZmHfletfdj 
aeriei  will  he  observed  dipping  at  37°  to  38°  ia  south-western  direotion;  the  lover 
boundary  of  the  Irrawaddi  scriets  being  well  define^  their  oarafolly  measoied 
thickness  was  found  to  be  4,620  feet. 

Below  the  basal  bed  of  the  IrranBadM  aerieih  th«  won  of  BippoOteiium  anfofe- 
jfniim  and  Acerotherium  pcrimrniie,  followa  a  series  of  soft  olive-coloured  clays 
QUematiD^'  with  thin  beds  of  sandstone,  measuring  1,100  feet  in  thickness.  In  the 
top  layer  of  this  seties,  immediately  underneath  the  basal  conglomerate,  I  dis- 
oofeied  on  the  eastern  aide  of  the  antfelinal  areh,  near  llllladoniig,  two  patehea 

faP  i;^  ahella  of  Cvrrnn  (Batiasa)  cravfiirdl,  and  Cyrena  (Ba/»».M)  jpaifoW,  but 
nowhere  eke  these  species  hare  so  far  been  found  again.  I  therefore  termed  fha 
top  layer  of  the  TeMeHgryoim^Mtr  aooe  of  Oyrena  {Bati»9a)  orenqfurdi,  though  ift 
must  be  understood  that  it  w  uafossilitorous  for  iti  greatest  part.  Tha  following 
fossils  have  been  described  from  this  bed  : —  ^ 

1.  Cyrena  {Batiw)  crat^urdi,  Noetling. 

S.     w         I*     jMlraM,  Noedieg. 

8.     „         „       Itodonngentii,  spec.  noT. 

Bzoept  this  looal  ooonnenee  of  Cyrena  the  YeuamggoiuigiM  is  absolutely 

'  DiaUnce  bj  rirar. 
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aofosBiliferoiu  and  erea  the  lUMt  oaref al  examinatioa  failed  to  disoover  any  fossils ; 
qn  the  other  haad«  the  itnli  m  dn—atwised  by  an  alrandaQee  of  gypenm. 

In  the  Tery  oentreof  theantioline,  and  exposed  for  1,820  foct  in  horizontal  dis* 
tance,  the  top  beds  of  the  Promeian,  characterised  by  bluish-ffrey  sandstones  and 
blue  clays  rise  to  the  snriace.  The  sequence  of  the  Fromeian  has,  howerer,  been 
fl«aioDsteitod  by  tbe  aatiTe  fit  wella,  as  well  aa  hj  th«  aeelionB  leooided  in  the 
drilled  wells.  It  is  composod  of  a  seriea  of  bluish-grey  sandstonos,  often  charged 
with  either  water  or  petroleum,  separated  by  danohy  days  of  bluish  ooloar. 

The  thickness  of  the  FromtitM  is  not  fully  known  yet;  in  the  oeotie  of  tbe 
aaibdinal  aroh  wbora  ilie  liedi  an  almoat  flat  the  drill  want  tbnwgh  upwuds  «f 
1,100  feet  without  reacbinir  the  base. 

The  Fromeian  is  almost  unfossilifeious;  only  in  its  apper  part>  about  150  feet 
from  the  top,  s  fossQiferona  layer  of  small  oxtention,  oonteining  a  oorionsly  mixed  • 
finua  of  truly  marine  species  and  terrestrial  animals  has  been  found.    The  follo\r- 
ing  species  liav*^  been  described  from  this  bed  wbiob  I  itylad  lone  of  Anoploti*- 
rium  btrtnanicum,  spec.  nor. 

1.  pMtwfttMv  mmimm,  DBBsaa. 

2.  Pecte»  kokeniatuu,  ■pes.  asv. 

3.  LilkodownUftf&e. 

it.  Area  iittrif0l»,  Doakar. 

5i  DtMUpnloftU^ffiiianm,  qptc.  nor. 

e.  OmKan  ^.  smMsmmv,  Nestling. 

7.  MfUcUta,  tpw. 

8.  CanhariM  fmgdkut,  Miiller  and  UeaW. 

9.  Siluraid  gen, 

10.  FftAom  ff.  molurut,  lAauL 

11.  CroeoMiu  faliufrii,  Ltm, 
It.  QhafUU*  famgttiau,  Oinelin. 

19.  A»nfl«Uurimm  MraimfCMM,  fpse.  bov. 

Tbe  eedibn  o(  tbe  Tenaiigioaiig  aotieUnal  woald  be^  tbeieflno,  as  tolbnn,  in 
daeeendiog  oidsr 


FUOOCB*. 

InkMidiBMM. 

iJiSO  fMt. 

VlfHlUoMOt. 

; 

I 

&«■ 

r 

7.  UnfoMiliffroiu,   olifccalaurad  clajr*  MntoiaiDg 

aoiM. 

1.080  • 

1 

«.  OBioHiGfHim  UaU  «lqa  nl  lahlwi^  lot 
•ami.  .... 

IWfMfc. 

■ 

\ 

4.  tt^hyiaiiwibUiikd^MaMiifciMM,  w<n 

M  • 

2.  UnloMttifvrcnM  Und,  4th  oil  Mad       .       .  , 

»  » 

1.  AmiNolallMatiaf  •■■id'tMMaaiilva  .  . 

WO  . 
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(c)  SlXGV. 

The  little  viliaKe  of  Siugu,  518  miles  north  of  ISaagoon,'  is  situated  uu  tlie  left 
iMnk  of  the  Imwaddi,  JM.  21*  V  N.  and  Long.  04*  SI'  B.,  near  the  easteni 
end  of  the  croas  cbamn^l  wln'nh  the  Trrawaddi  has  dug  through  the  Pegu  and  Irra- 
waddi  aeries,  exposing  one  of  the  finest  sections  through  the  Upper  Tertiary 
fomntion  that  nn  be  aeen  in  Bnima. 

The  strata  form  an  uasymmetrioal  •nticlinal  arch  the  eastern  side  of  which  IB 
the  shorter  ;  in  the  centre  the  Tetta»gj/oungiau  is  exposed,  and  the  western  side  is 
mostly  cumposed  of  the  Irratoaddi  aeries  extending  in  western  direction  as  iar 
u  SQenqrcs  nnd  exhibiting  a  tbiekneN  of  not  leM  than  10^000  feat  Tha  late 
Mr.  Grime<^  has  measured  a  good  section  about  threa  udlea  KHiUi  oC  SngUi  S&d  I 
ahail  combine  here  his  with  my  own  ohaerTations. 

Handling  liom  Singu  in  weetam  direeUon  the  beds  of  the  Imwaddi  aariea 
will  first  be  met  with,  along  the  hank  of  a  little  stream,  dipping  at  a  very  high 
angle,  almost  90°  in  eastern  direction  ;  the  dip  h-'ispn-!,  aud  gradually  conglomeratic 
beds,  oontainiDg  fragments  of  fossil  bones,  are  met  with,  which  indicate  the  base 
of  tbe  Jrrawaddi  seriei. 

immediately  below,  and  apparently  perfectly  conformable,  follows  the  Yenang- 
gMmftmit  characterised  by  a  series  of  olire-coloured  clays  containing  strings  of 
harder  sandstone.  According  to  the  late  \£r.  Grimes,  these  beds,  for  which  tbe 
name  3ingu  shalea  would  be  appropriate,  are  anfo«tliii8Nve  np  to  a  thickness  of 
1,150  feet  from  tbe  top.  Tlie  hi^host  fossilifcroiis  bed  met  with  is  n  band  of 
celcaieous  sandstone  of  brown  colour,  containing  a  few  ill-preserred  specimens  of 
ConWfl  fifidomaretuk,  K.  Martin. 

Below  this  bed  follow  some  more  unfoniltferous  strata  of  greenish  colonr 
measuring  about  100  feet  in  thickness,  after  which  one  of  tbe  most  important  beds  is 
touud.  This  is  a  very  hard  glauconitic  sandstone  of  bluish-green,  or  dark-green 
oolour,  oontainiBg  a  rtob  fMna  t  the,  abells  avo  genefally  well  pfOMrved  aaA  aUoa 
out  beautifully  in  their  white  Iwtie  from  the  surrounding  bluish-green  matrix, 
from  the  frequency  of  Mftttt  aiso&orieiM,  Reeve,  I  hare  called  it  the  zone  of 
JfrMlat  uMartm,  and  tfaa  apeoieB  dawribed  fiom  tbia  boriaon  are  given  in  tiia 
followbig  liat  1 — 

I.  Parc.'yi'hut  WMrsfenl,  DttDCao. 

t.  Lima  priitotfaam&u,  ipM.  nor. 
S.  Peeten  irrafadtett,  apeo.  neff* 

4.  FultMa  limgiuL-tigru,  spM.  nor. 

5.  Mjflilmi  mUoharieui,  Reeve. 
C  UciU*  iuddkaica,  Kpeo  DOT. 

7.      „     pmdtttuldUitM,  spso.  MV. 

t.  Arm  Uttrifatt,  VnSm. 

0.  Csfrfjf*  vifMttuli,  d'Arebiac  and  Hsbna. 

10.  „  fi»mt0$tm,wft9,vm. 

11.  •  rf.mMObtfAiaiuiiwmltUm, 
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12.  CrantateUa  iJienfrt,  speo.  nov. 

13.  Cardiim  mMutmu,  tpte.  nov. 

I4k  JWewaanS*  wuinwlfarit,  wgnn.  nw. 

15.  Dione  protililaeina,  spec.  nov. 

16.  „     amyjdaliitila,  sped.  UOY, 

17.  „  protopkiUpfimwmmfV^mn, 

18.  TelUna  grimm,  spec  BCT. 

19.  (run'  deuterokiugi,  Bpeo.  nOT. 
to.  Corimla  rugota,  Soirerby. 

tL  lhiriMimj*»sluini,  K.  Mkrtio. 
tt.  CifMMfMW  Man/ordi,  Noetliag. 
2.3.  Batiliua  loriolitina,  spec,  nor; 
24.  Aff^'aw  MM'ama,  PhOippi. 
n.  fbrn^clAi  nwtftt*,  fenkiiw. 
26.  Siliquaria  tpfe.  2. 
t1.  Caljiftrata  mgo**,  Noetliii|». 

811.  Si'jare'ut  nfritoideui,  Linii^. 

30.  Cifpraea  franti,  U'Arcfaiu  and  Uaiine. 

SI.  Oaiioieamtmli/inhWfia.mBn. 

32.  Fi-u'a  (hr,'!ja!<l!,  Noetlin-. 
3;),  fj/rula  buj-t-jihtva,  Laraarok. 
84t       M    pteudobvcephaU,  (JM.  IWVt 
M.  OKtw  tuftila,  DucIm. 

86.  Otnoia  irraradica,  Noetling^ 

87.  &QmMa/n' ■::in.ita,'EMiimtWfiia,  - 
89.       V     proUmodiftn,  ipMl.  B»v. 
89.  Ghm»  «MnHjl,  vpM.  BOT. 

40.  CalUanatHt  birmaniea,  »i<eo.  nor. 

41.  Lamm*  BptUimntmrnit,  Bonapartai. 

4A.  CSuwIfMi  faHgtiicut,  HSIln  nd  H«ak. 

Then  foUowia  aeriM  of  unfoMilifenvn  'bed*  of  olive-greon  colour  probably 
meMnilng  about  SOO  feel,  and  tlun  aoother  f ossiliferouB  layer,  whioh  I  Unned  tlit 

Jone  of  Meiocardia  melavulgarit,  sp<?<?,  nov.,'  is  mot  witb. 

TbU  jsone  is  represented  by  a  soft,  argillaoeoua  saudstono  of  brown  colour 
eontainiag,  howefw,  nnmbera  of  gndns  of  glanmnitB.  The  lithological  appearaoee 
leads  to  the  belief  that  Toloanio  asb  has  greatly  ooatribated  towards  its  compoeitioii. 
Other  remarkable  features  are  namerous  lumps  of  hardened  olayi  which  prore 
nnqoestionabiy  that  previoos  to  tbeir  imbedding  they  were  perfeotty  riddled  by 
the  holes  of  XHiocfoMWt  ipeo.  whieh  hare  now  beoome  filled  up  with  the 
sarroundinf;  matrix. 

Fossils  are  numerous,  but  there  is  no  great  variety,  and  the  preservation 
ii  not  always  the  best,  particularly  that  of  the  Qaatropoda,  the  diell  of  whIeh 

*lUtMMidnlkdwitktlM<:^gM<«fli«BM*f  nrlafiMr|if«(l)w.  arffab.  at  T«r,M*  74).  At  that 
Umth>tin|iiiNri«f«iMfaa«tJMMw<rftosNteMdb«^  (Up*  Iblintl 

il  to  Its  C^yrfowMk 


Digitized  by  Google 


FAUNA  OF  THE  HIOCENB  BBD8  OF  BUBICA. 


88 


has  been  in  most  oases  destroyed.  The  following  is  the  list  of  fosaila  described 
(torn  tUi  bad  >- 

1.  F»MqnttAw»  tamlfiu,  Dunosn. 
t,  JWfM  imvaiieut,  spec.  dot. 
8.  JmmU  MMMMM,  apeo.  nor. 
4i.  TmUelta  Ungti»4iftitt  ■P"*  *w> 

6.  Litiodommi  t/m. 

T.       UtMf^  Snkw. 

8.  Xveiila  alcofH,  Xoetling, 
B.  Leda  binmtnica,  tpec  nov. 
lOt  GsnKto  miirm,  ipee.  bot. 

11.  „     tjidatnartMit,  K.  Martin. 

12.  „     viquetiuli,  d'Arehiac  aod  Haime. 

13.  „     r/*.  tmtfoitVu,  d'Anbisa  abI  HkioMk 

14.  Cntultlla  iiram,  spec.  dot. 

15.  Mrioemriia  meUvnl'jarii,  tpea.  bot. 

16.  lHone  prvUlilaeina,  t^ao.  nov, 

17.  J,  fntopAM/fiMnm,  tpM.  aov. 

^ftM^if  ipso.  ttOT* 
19.  Qari  H.iyi,  Noetlinj;. 
SO.  CorbuU  rugoia,  Sowerb/. 
«.  Cb/lM«Aimlln/MI^NcstKBs^ 

22.  Turf'-ij  ;,rwf'>nf.iit!';.'''r.I,  PJiec.  nOT. 

Maniuta  loriAiaHa,  dov. 
i4.  A»{sfHMi  MMtaNMi,  Fhilippi. 
£5.  Cfprata  ffmtd,  d'Archiao  and  Haiait. 

86.  Oaltedea  mnili/tn,  (pw.  bot. 

87.  tk^  tJMMi,  M«stliBt. 

88.  Omai  wfciff,  •poo.  bot. 
88*  B»lMtu  tfmtiiincbultim,  LiouS. 
88.  Ccili'iitaisa  Lirmanifj,  spec.  dov. 

81.  Lamtu  tjMlUuuaHii,  Bonaparte. 

82.  Careksrid*  ftm/tUm,  MBItor  and  Hutla. 

Then  foUovTs  another  SOO  feet  of  unfossiliferoas  beds  below  which  there 
«ce  Niraral  tUn  beds  of  hard  Bandstona  tba  amfiMe  of  wbicb  is  ooraied  with 
nnmetOOS  fowils;  most  of  them  are,  however,  in  a  very  frar,'m(>nt.iry  state  of 
preserratioD  and  onlj  a  few  specimens  could  be  determined  specifioaUy.  Ibe 
following  IB  tiiB  lial  of  loadla  dmqribeH  ham  thia  Iwd  whidi  I  oalled  lona  ol 
JNaaf  daMoas.*— 

1.  Lteiaa  J'arehiaeiaM,  iplib  BST. 
8.  JMoM  MioiM,  Noatliiig. 
8i.  CtrMa  fntatrwuata,  apso.  bot. 
4.  AmIwm  Ughflmnimt  opss.  bot* 

Than  foUowa  anofthn  aedca  ol  nnfoMilitaaua  hedib  meaaafiiig  about  800 
faal»  balow  irhldi  imafc  oems  (ba  AwmAm*  fbongh  Ola  dIvMoa  ia  ^pamttj 
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nowhere  exposed  on  the  surface.  The  seotbik  near  SiDgu  u  tberefoM  in  descending 


D(I«]iiHMM 


« 
■ 


in.  Si»g»  >bKle<,  an{«wilif<Tc>as  •  •  • 
9.  Z«D*  oC  CardU»  {iUamar^mtk,  K.  Mailhi 


6.  Unfouilihraui  thoditone  *ad  cUj  •  • 
6.  Zone  of  ^eyjcni'-ii-i  flVf/irwAyarw,  cpeo.  BiOT. 
4.  Unfoniliftrou  Mudxtone  ud  clsj     .  . 


•  •  ar 

0  •  r 

300  » 

1  « 
SCO  „ 

0  •  r 


Hm  Kttle  village  of  Yenangat,  Lat.  21°  &  N.,  Long.  94°  51'  E.,  is  situated 
on  the  ri£;lit  bank  of  the  Irrawaddi,  about  5A0  miles  from  Rangoon,^  at  the 
eastern  foot  of  the  Tangyi  bill  range.  This  range  is  formed  by  an  onsymmetrioal 
,irtifftin«i  axob,  dipping  atanoafc  yvtiaiXtf  on  ite  eaatein,  and  Twy  gantlj 
on  ito  Wertem  side.  Whorovrr  the  valleys  have  cut  in  deeplj  mongb,  the 
Yenan(fyoungian  can  be  seen  in  the  centre,  while  the  tidea  are  formed  hf  the 
Irrutcaddi  seriea. 

Uaiddng  bom  the  rirer  bank  along  tlic  Tonanchoong  nTine^  in  western 
direction  for  about  500  or  600  f<rt,  tho  Irraicaddi  series  can  be  soon  ilipping 
at  about  70°  to  80°  in  eastern  direction.  The  dip  slowly  decreases  to  about  45" 
at  a  distance  ot  1^00  feet  from  iha  river,  and  tiien  aoddenlr  ohangea  to  7°  west. 

15elow  the  Irrawaddi  scries  follows  a  series  of  olivo-colouroJ  olavs  with  inter- 
stratified  beds  of  sandstone  sometinies  recy  hard,  sometimes  rather  soft..  The 
thickness  of  these  series  seems  to  vary  greatly  owing  to  the  eztemiTe  denuda- 
tion vbieb  it  underwent,  previous  to  the  deposit  of  the  Irrateaddi  series.  In 
the  Tenanchoun^  ravine  I  observed  a  thickness  of  about  500  (nA,  but  the  laf<5 
Mr.  Grimes  thinks  that  at  some  localities  in  the  Tangyi  range  it  is  rather 
moK.  The  eoneetnesi  of  thiavieir  can  only  be  pvored  hf  fntore  tesearobei. 

Fossils  are  scarce  and  scattered,  generally  111  preserved,  but  apparently 
of  marine  character.  A  few  have  been  found  about  850  feet  above  the  base 
of  the  Yenatigyoungian  in  a  hard,  thinly  bedded  saadatoncb  the  anrfaee  of  whioii 
b  ooveied  irilh  a  peifeci  a^kmertttoof  dwU  fragm^ 

*  SMMwlirihm. 
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woll  preserved  specimens.  From  tlio  frequency  of  the  ocourrenoe  of  JHoHt  dubiOM 
tl.Uliorizoa  has  been  termed  zone  of  JHotte  Ju6io« i.aad  the  foOowilUE  tpaoiw 
hs-ra  beoi  woogniaed :— 

li  AwtM  tPmniiaeiaMa,  iipee.  nov. 
t.  l>»MI*rf«W'>*.i,  Not'tliug. 
t>  OMMo  protatrumeaia,  cpec  oov. 
4.  aariwM  /lyfojlwwifi^  ■ye.  nw. 

Hm  Tonugyoongiaii  gnduallj  pum  into  the  blauh  ooloimd  beds,  and 
flMMmeof  Paracyathm  carrtilciis,  ris  [  c:ill,vl  if  from  the  frequent  OOoarrenoe  of  this 
tpedeib  appareatlj  concludes  tbis  series,  from  which  the  following  apeoieB  have 
oesn  WMMttMa  t*« 

1.  JVmmvMw  CMntlm*,  Daocia. 

C.  Mmptammia  rejatit,  Alcock. 
8.  Petit*  irravadicM,  «|>ec.  dot. 
4.  Jrea  bitlriyala,  Dunkor. 
5i  Niutda  aJcoekt,  Na«tKB|f. 

6.  LtHina  pagana,  ipca  nor. 

7.  Dione  amj/jdaloidet,  spec.  nov. 

8.  „    ftaiofkilipginanmf  ipM.  aor. 

10.  Gari  iimji,  NoiUiag. 

11.  BoU*  $pee. 

U.  CaUotlMm  Um^Mt,  VtMag. 

15.  Sulannm  imiTiiaum,  PhilJppi. 
14.  Torinta  buddka,  No«Uing. 

16.  Turriktla  »fn^lrm9,  tptfe  un, 

16.  Siliquaria,  »p€t.  1, 

17.  Calyptraea  rnfoia,  NoetUi^. 

18.  Hatiea  eallota,  Sowerby, 

19.  »    oimmi,  Sowarbf, 
to.  iifrtitu  Mmtaiitatfliamt, 

t\.  Ct/mr  1  firtinti,  d'AroluMaiid  Hainieb 
U.  Trivia  mitii,  K.  HwtiB. 

S4.  TnV'.  in  ji<!r,!,i!ij,  Xoetlin^r. 

86.  „    nea4iriaiuitu,  cpec.  nov. 

M.  £aMlb  jmMii<ffwfar(ir,  qM.  nov. 

87.  Fn^M  ttminhifti.r,  spec.  nov. 

88.  Faieiolaria  itoJuUtta,  Sowerl^. 

89.  Iturex  (?)  tekihatehtffi,  d'AnUM  and  Blfaa 
<0.  r«liito  4to<a<!a,  Sowwby. 

81.  OIhw  f«/«/a,  Ondos 

82.  Caneellaria  pindoeaHctllata,  tpoc  nov. 
88.      „      (faipMfMi«,d'AMhia«aad  Hainan 

85.  TertiruM  tpee. 

80.  SmwU/eddenifHo^^a^ 

n.  MtStfrnHUMit,  NatOing. 

t  ft 
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88.  Clonus  mafarc'tnut,  HwM. 

39.  „  protojurvtu,  speo.  noT. 

40.  w  fdltiuU,  tpuo.  nor. 

41.  Balaniu  (intinnalulum,  Linn£, 

42.  Callianaua  birmaniea,  ipM.  noT. 
49.  Jfjr^M«fWi4^ 

44,  Xmwm  *patlaatanii,  BoMparU. 

JIH,  Cureharia*  t»'9tticiu,  Miillar  and  lienk. 

46.  OAiliMw,^ 

Below  this  follows  tlio  monotonous  sorios  of  the  Promeian  composed  of  bluish 
aadstones  and  clays,  the  former  charged  with  petroleum,  is  known  to  upwards 
of  1,000  feet  irithont  mehiiig  the  baae.  The  following  would  theiefofe  ifvpraaent 
the  section  in  the  Yonanchoung  ravine,  though  it  moat  be  understood  that  it 
probably  does  not  exhibit  the  full  thickaeas  of  the  FManyyoMyiais.  In  de- 
•oending  order  the  sequence  is  at  follows 


ImmUiBirfM. 

TJlioklMM 
M  kaon. 

i 

6.  Unf'jtinifvroLa  l'Ih^*  of  olive  oolsand  mnltttUt 

UppaMItocM  . 

f 

:e 

Q 

9 

e 

n 

3 

i,  t»at  of  Diom  duiio*a,  HMlUag       •  . 

3.  UnfiiMlliferiiut  rlayt  »it1i  banl  ftjnnwtioiu  Mtl 
3.  Zona  of  ^araegatAms  eatriUeiu,  Uaacui     .  . 

ICO  Utt. 
850  M 

w  » 

Lowr  Jliocen*  . 

1 

i 

I.  A  Mric«  of  aiifdMilifcrom  nnil>toiie<  frcqiuntly 
pttnUiiMai^  kltmutiiiK  with  badi  af  alajr. 

tJMMrfaal 
ijboofaat. 

(c)  CniNDwiN  District. 

I  visited  the  Ghindvin  District  as  fax  back  as  1889,  and  since  that  time  no 
further  snrTey  baa  been  made  of  tbb  ramote  and  Tory  jungly  dutrlot.  I 
obtained,  however,  two  fairly  good  seotioDB  along  the  Nantahin  ravine  and  the  bed 
of  the  Yu  river,  though  my  visit  at  the  time  was  a  rather  hnrriod  one  aud  I  was  not 
able  to  spend  much  time  in  searching  for  fossils.  Whether  the  Yenangyoungian 
i»  therefore  leaUf  deatltate  of  fogaihii  aa  it  appaand  to  b^  orwheiher  fatue 
researches  will  rcvoal  the  oxistenoo  of  fossilifeEooB  beda*  remains  to  be  aaoB.  The 
aeetion  in  descending  order  is  as  follows  :— 


FliocaMh 

ImMUiBivha. 

Cppar  JIfaioiaa. 

j 

a 

9 
• 

a/uofMt. 

loi>arllI«a«Mk 

JPiWflMfBAa 

MOOM. 

The  occurrence  of  the  Yenangyoungian  is  not  without  any  doubt,  as  the  litho- 
logical  charaotera  of  tbia  aeriet  are  rather  those  of  the  Pnmfion,  viz.,  popper  and 
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salt  coloured  autdflfamet  alternating  with  beds  of  bluish  day.  The  fntbaUUly 
tliat  the  Yenangyomgian  has  not  been  deposited  at  all  in  tliia  part  of  tho  country, 
ia  by  oo  means  soaall.  If  tbia  view  be  true,  and  the  whole  serioe  of  strata  vere 
to  wpreaBot  tbe  PrOMtff <M.  an  Qoconf ormity  would  axist  betwean  Promriam  and 
Tenangpoungian.  This  viow  is  to  some  (  xt'^nt  corroborated  by  observations  in  the 
Tenangyoong  oil-field,'  where  a  local  overlap  of  the  Yenongyoungian  has  been 
obaemd.  It  requires,  boweTer,  a  good  deal  of  fnrtbei  researches  before  this 
qnaalioii  oan  be  flmlly  daddad. 

(/)  Correlation  of  tue  inrrEKEXT  SECTIOira. 

On  the  following  table  I  tried  to  correlate  the  first  five  sections,  omitting 
dui  of  the  Cblndwin  for  not  giring  ft  aaflbnent  amonnt  of  detail.  Eaeb  section 
i<:  (Ir  uvn  to  scale  of  thickaeH,  in  osdflc  to  abow  tiia  position  the  foasiliferona 
horizons  hold  in  the  sequence. 

In  explanation  of  tbia  table*  a  few  wnrda  moat  be  aaid*  otherwfae  an  enoneoDa 
idea  mi<?ht  be  conceived.  The  table  does  not  show  the  absolute  correlation  of  the 
different  fo^siliforous  horizons,  and  docs  not  pretend  to  do  so.  Each  soction,  as 
already  said,  has  been  drawn  to  scale,  that  is  to  say,  the  fossiliferouB  horizons  are 
repnaented  in  th^  eoneet  beigbt  abote  tbe  baae  of  the  YamM^^imtgkmt  ei»»pt 
those  of  Aricia  li  umerota  and  Pholas  orientalis,  tbe  po'^it  ion  of  which  in  the  aeq,1Mliee 
is  not  known  (see  above*  page  19),  and  their  place  is  therefore  a  purely  bjpotbelioal 
one.  Tbe  atiU  more  doubtftil  borlaona  of  (Mrea  pegneiirii,  and  Otfraa  promemrit 
have  been  entirely  omitted,  though,  if  my  supposition  is  correct,  they  ought  to  be 
ahown  in  tho  Thayctmyo'aiLuistojxe.  Tho  sections  have  been  placed  next  to  eaeb 
other,  assuming  at  the  same  time  that  the  boundary  between  the  Fromeian  and 
TtnanffMngian  repreaenta  a  oonstant  level.  If  this  view  is  correct,  tbe  ieoiti0iiB 
would  prove  better  than  a  doscription  could  do  that  tlic  boundary  between  tbe 
Yena$tgyo»ngian  and  the  Irrawaddi  series  is  a  very  irregular  one ;  in  other 
wnda,  that  there  ezbis  an  uooonfonDity  between  tbe  fegn  diriafam  (Hiooene)  and 
the  IrramUm  aeries  (Pliooene).  At  places  the  denudation  of  tbe  Temat^fOmittan 
caused  a  oonsidetable  portion  of  its  upper  part  to  disappear,  and  though,  for 
instance,  the  tone  of  Cgrena  oratofurdi  represents  at  pteaent  the  top  Of  the 
Tmttt»jft9uwgiaih  nea*  TeDaogyoimg,  it  waa  originally  rnnob  fittliier  down  In  tiie 
series,  and  its  hi'^li  positiyn  i^t  only  an  apjinrent  one.  I  liavc  dwelt  on  th\s  fact  on 
page  10,  and  if  my  assumption  be  right,  the  view  of  the  unconformity  between  the 
two  main  diviriona  of  tiie  Tbrtiaiy  ct  Burma  woald  be  atrongly  supported  by  the 
si'ctii  ms.  On  the  other  band) the  ngidaiity  of  the  boundary  line  between  Protneian 
and  1'('H'»n(7»/own3»'7H  is  by  no  means  an  established  fact,  and  I  spolcn  above  of  tho 
probability  of  an  unconformity  between  the  two  parts  of  the  Pegu  division.  If  such 
an  oaoooformity  eaciata  and  woald  not  be  local  only,  then  the  aeotkoa  bad  of  eonne 
t/>  bo  arranged  differently  and  tho  boundary  between  tbe  Yenangyoungian  and 
Irrawaddi  series  would  not  be  such  an  extremely  irregular  one  as  demonstrated  by 
theaeotiona. 

I  wiah,  bowerer,  to  say  that  so  far  tbe  ev  idence  of  observations  is  more  in 
fatouiof  an  anconfonnity  between  the  Arrakan  and  Irratoatldi  atm/BM  than  within 

'  Tba  omerttuet  of  FtUDleom  iu  Utnnt,  page  77  ff- 
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tlir>  former  itself,  between  Jetmagffemgkm  and  PfowdaM,  tiKHnghkMMl  ofsf^ia 

unquestionably  occur. 
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iJ)  GeMtal  Bemarka. 

The  fbUowing  table  gives  the  vertical  distribution  of  the  fossils  :  for 
convenience  sake,  the  five  horizons  of  lower  Burma  lia\c  been  put  tosfother,  whil* 
the  remaiaiiig  eight  represent  thoM  of  upper  liurm&.  In  the  last  column  those 
foHib  ut  Mammted*  tte  gadogfoal  horiMm  of  whidb  is  1^  wUoh 
it  is  OOrttia  that  tlipy  do  not  occur  in  any  of  the  named  horizons.  The  sequence 
of  the  oolnmns  therefore  does  not  quite  represent  the  way  they  are  aotoally  fol- 
lowing inaaoendiog  order,  beeaoBe  iHthoat  kiuming  more  alxHit  tl«  aofnlatiott  of 
the  fossiliferoua  horizons  of  lower  and  Upper  Burma,  I  think  it  better  not  to  mix 
tbam.  In  thn  lower  Burma  horiions  the  sequence  has  been  given  as  it  is  aaanned 
to  be^  while  the  upper  Burma  horizons  represent  the  natural  sequence : — 
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(B)  The  Fauna  of  the  Yenangyoumgian. 
The  oonteata  of  this  list  are  ooDdensed  in  the  foUuwing  table  which  showB  ths 
namber  of  speoiM  of  each  okas  occurring  ia  one  and  more  horizons : — 


wownng 

AaUmm. 

CntftMM. 

Tirt«bwlm. 

13  iMiriinu 

••• 

■■• 

M 

m 

11 

m 

««• 

M 

m 

•  ■• 

1 

M* 

• 

f* 

•M 

8 

M 

1 

1 

• 

1 

1 

1 

«*■ 

• 

n 

4 

4 

1 

6 

1 

4 

n 

1 

4 

fi 

1 

S 

Iff 

8 

9 

1 

9 

H 

1 

18 

IS 

1 

1 

■» 

1 

1 

M 

5?  • 

s 

moga,  while  ths  larger  majority  am  known  to  oeenr  in  one  ortwohoiiiontonly. 

The  small  number  of  spocies  belonging  to  other  classes  than  tho  Gastropoda 
and  Peleojpoda  readers  them  of  veiy  inferior  importanoei  and  if  we  disregard  them 
in  the  followiBg  dbeoarion,  raeh  an  omiuoii  wiD  not  materially  affect  the  result. 

The  vertical  distribution  of  the  PMeoypoda  and  Gastnqpod*  will  beat  he  — n«ffll 
if  instead  of  the  actual  number,  pev  eenta.  of  the  total  aie  girea,  faMmmift  ^ 
they  allow  of  a  better  comparison. 

Thaw  flgnies  have  been  eoopnied  in  tb»  following  tahle>— 


SBaaiat  «eMiiiiig 
is 

*■*.  • 

»  • 

U  ,. 

■mil 

10  • 

1-0I» 

068Jb 

•  » 

Wl» 

9  „ 

6>4% 

4-16% 

4-B4^ 

•  n 

1-31% 

0S9% 

a  n 

6SS^ 

9^ 



6510% 

These  figures  prove  as  distinctly  aa  pQadUe  that  the  Tartioal  range  of  the 
majoriljof  speciea  is  a  Tory  abort  enoiOfer  hall  oeenr  in  one  horiaanonlj,  88*04% 
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that  is  less  than  one  quarter  occur  ia  two  horizons,  find  from  there  the  percenta','P  » 
rapidly  deoreaaes :  16*05%  occur  ia  three  and  four  horizons,  and  only  7'51i^^  and 
0^%  an  known  to  oeeur  in  flvo  and  moro  hoilioitt. 
Tfa«M  qpeoies  are — 

L  Ditmt  fntepJkUipjiiMriiat,  «pac.  oov.,  io  10  horiaoM. 
B.  Jftlita  abtemn,  8cm^  in  S  boritou 

3.  Tellitta  grin'ti,  rpeo.  nor.,  !n  7  hdriznna. 

4.  CSmm  actemit,  tpee  bov.,  in  7  horizanii. 

i.  FteUm  Mctmim»»,  qwe.  bov.,  ia  6  borizoDi. 

6.  Dione  pruMilaeina,  apte.  DOT.,  in  6  borisoDi. 

7.  „    amggdaloide*,  wptia,  BAT.,  in  8  lumMiilia, 

8.  THlimM  iMi,  »p«e.  nor.,  ia  0  horiiDot. 

9.  SoUrimM  matimMm,  Phil.,  in  0  h«naoiii. 

10.  Calyplraea  mgota,  T4actl.,  in  6  hotiMMia, 

11.  Otita  rtifula,  Duel.,  ia  6  horiaoQi. 

12.  JfaUw  eaileta,  Sow.,  ia  8  hofiseaa. 
18.  Anm  hUtriftta,  Dusk,  in  8  barimm. 

To  this  list  we  may  add  ^aracyathua  caerulem.  Dune,  Sakuim  iMiimaiulum, 
Lin.,  Callianaasa  tnrmanioa,  spec,  nor.,  bringing  tlie  total  number  of  speciea  which 
oooor  in  more  than  four  horizons  up  to  16.  Xbis  is  a  very  insignificant  number  which 
amoonti  to  not  more  than  8*3*/,  of  the  total  number  of  apedM  doNribed  from  the 

Yennng^oungian.    If  we  examine  the  Vnlno  of  tho  dilEeieAt  ipeetei  WO  MB  thatOui 

of  the  whole  number  only  fire,  vit.,-^ 

Faracyaikut  eatmUtu,  Donk. 
AWm  grimai,  spec  aov. 

u     Utti,  spao.  B«T. 
Sfburimm  wuxtmwm,  Tfail. 

Callian  tna  blrmaxica,  spec  nov. 

■re  auch  species  which  can  always  be  unmiatoJcabljr  recognized,  the  remaining 
eight  eihibit  nune  or  Im  indiBannt  festarea,  that  ia  to  say,  unless  rery  well 
pp—erted,  a  small  change  which  would  constitute  a  different  species,  is  not  notioed. 

The  great  faunistic  difTerenoe  between  two  horizons  which  are  not  far  distant 
from  each  other  in  the  vertical  ae^ueuoo  is  exceedingly  well  illustrated  by  the  two 
f  ollowbig  fastannee. 

I  have  dwelt  in  pn^es  18  and  19  on  the  stratigraphical  position  of  the  zones  of 
Faralleli^i^dum  prolotcrhioium  and  Area  Iheoialdi;  the  following  table  showi 
th«  varliaai  distiibntleB  of  the  foeslls  in  these  two  horizons ;  there  are 


OMBMtoWlh 
hwimi. 

Otioniog  onlr  in  tb« 

OocBriiiig  obI;  in  tbt 
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It  will  be  seen  that  out  of  a  total  of  98  species  only  28  or  23  46%  orcur  in 
both  horisons,  tbe  majority  beiag  Peleoypoda*  and  if  we  examine  tlieee,  we  see  that 
7  beknig  to  the  aboT»*nieiitioned  group  wbioh  oooar  in  mm  tbao  four  horisona ; 
on  the  other  hand  the  zone  of  Parallelij^peimn  prototortuomm  contains  41 
species  or  41-817»  which  do  not  ooour  in  tbo  zone  of  Jrca  theohaUU,  tho  majority 
of  these  apeeies  being  Fdeoypoda,  while  the  8one  of  Area  theobaUi  contains  34  or 
tMB'f,  of  species  the  majoritf  ef  whidh  an  Gaatropoda  wfaieh  do  not  ooonr  in  the 
lone  of  Parallrlipipedum  protolortuotum. 

Not  less  instructive  is  the  comparison  of  the  zone  of  Ueioeardia  mtflamlgariB 
and  MfUlm  iMurtmu,  Tbo  veitloal  dtstiibatioa  of  this  faana  is  shown  in  the 
following  liat: — 


OMsrriniP  only  in  tlw 

1  ' 

Ooourring  onlj  in  the 
tmrtmu. 

BebhuNdn 

I 

U 

r 

1 

Qubmpodk 

f 

1 

u 

1 

PitaH 

1 

Out  of  a  total  of  60  species  22(=ri7o)  are  common  to  both  horizons,  the 
majority  of  which  are  again  Felecypoda.  mostly  the  same  speoies  which  occur  in 
moro  thnn  four  boriaoiu.  Tbo  tone  of  Mriovardkt  meto»iitgaH»  eontafna  8(sl67J 
spcpH-fi  whii'h  do  not  occur  in  ttie  Z'me  of  3ryfilu*  nicob'irieut,  while  this  lOne  is 
characterised  by  20  (=10°/,)  species,  la  the  following  table  these  figuzoa  ar« 
attuged  nlittio  mon  dialinetlj;  there  aw :— 


Caomoo  to  two 
htrtMMu 

Cbancleriitia  for  tbo 

fatal  4M*AMiUt«,  tpw.— T.      .     •     .  . 

«l-89t 

1  { 

IMOJt 

ZoM  of  if jffi/«M  M<«i«rir«*i  Bmm    .       .      .  . 

4000^ 

If  it  is  permitted  to  take  tlio  average  of  these  figures,  we  may  say  out  of  a  jjivcn 
number  of  species  occurring  in  two  different  horizons  of  the  Yenang^om^ian,  33  -73",  ^ 
will  be  common  to  both,  while  eeoh  horiwn  eontaina  M*13*/,  whioh  are  ohar.icter- 
istie  of  it  But  it  must  be  understood  that  the  ohroaologioal  diffaraooa  between 
tbe  two  horizons  must  not  be  too  great,  as  will  be  seen  at  once  if  we  compare  the 
acme  of  Farallelipip'dum  pro'otortuo$tmixid  the  zone  of  MjftUiu  nicobaricui  both 
of  wbioh  have  only  IS  speeies  or  IS'ttT/a  In  oonunon. 

The  result  of  tliis  discussion  is  that  under  favourable  circumalanoea^  when 
there  is  no  groat  rertical  difference  between  two  horisons,  the  proportion  of  aperies 
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oommon  to  both  m&j  ba  33*72%  out  of  the  total  fauna,  but  when  there  ia  a  great 
wv^aH  diitanoe,  the  proporMon  maj  Im  U*6l7o  tha  outride  BB4,«a9  evao  liflk 
below  th«M  flgurea,  while  the  special  eharnqtedrtio  fw  eaehhoilMNi  naj  lie  MrU^e 

in  the  ayerage,  but  rise  as  high  as  74*787a' 

It  is  obrioas  that  uiuler  these  oiroamstaaoee  the  fossils  are  of  very  small 
oondatire  valae^  aad  if  weahonld  atlein|it  te  oondate  llie  diteient  hoiiiaiw  hew 

distinguished  by  me.^n<^  of  thoir  fiftnUt  not  even  a  fairly  aocorate  result  would 
bo  obtained.  Each  horizon  appean  to  contain  a  small  number  of  specitfs  which 
it  shares  with  the  neighbouring  beds,  a  stiU  smaller  number  of  apeoies  hamg 
a  wider  lauge*  while  the  latest  number  is  lepnaented  faj  apeoioa  zwicieted  to  it. 

The  limited  horizontal  distribution  may  also  to  some  extent  be  rrsponsiblo  for 
the  small  number  of  species  which  two  horizons  occurring  in  the  samo  positions  in 
fbe  sequence,  hut  at  jUffereut  looaUtlea,  have  in  oomuion. 

Vie  may  therefore  suppose  that  in  the  Tenangyoungian  we  hare  a  sequence  of 
rapidly  changing  faunas,  of  a  limited  horizontal  range.  A  few  species  persisted, 
others  may  ooour  in  two  different  bonsons,  without  being  known  from  the  inter- 
mediate beds.  Under  faToorable  eiienmitBnoea  a  fauna  thrived  at  ene  looality  ever 
n  short  horizontal  distance  ;  for  reasons  irrelevantly  which,  the  majnrity  of  tliat 
fauna  died  out,  and  in  the  next  higher  bed  we  find  at  the  same  locality  a  perfectly 
diffiemit  fauna,  containing  only  a  few  speciee  of  the  earlier  one. 

Such  changes  can  only  be  explained  by  the  supposition  that  the  younger  fauna 
iramisratt'd  from  somewhere  else  to  the  place  of  the  older  one,  only  to  be  roj)laocd 
in  its  own  turn  l>y  another  fauna.  This  unsettled  state  of  the  fauna  of  the 
T9»a»g99tm^*M  «ik  befoither  eonilnMd  by  certain  peeolaritiea  of  the  Pebogrpoda. 


Ano^lotheriim  birmanicum.  The  inTortebratee  are  all  such  species  which  it  shares 
in  oommon  with  the  lonea  of  ^oraagattm  werutm*  <a  Oatusettaria  mttHinimma, 
thus  proving  unmistakably  the  faunistio  relntionehip  with  tho  TenangjfomtkM. 
In  fact,  the  few  species  that  have  bean  reOQgniaed  aie  chiefly  aueh  dwtoooor 
in  more  than  four  horizons. 

On  the  other  hand  the  vertebrata.  with  the  eneption  of  tbe  Ibhes,  have  not 

been  found  in  any  bii^her  bed  yet.  'V\''hether  they  occur  in  lower  beds  T  am  unable 
to  say,  but  if  it  were  permitted  to  form  a  conclusion  from  the  absolutely  unfoasil- 
ifecous  samples  of  tiie  bora  bdlai,  the  answer  woold  be  negative.  It  h,  however^ 
certain  that  the  horiiontal  lange  of  the  zone  of  Atioplotherium  birmamewm  ia  a 
Tery  limited  one,  because  no  trace  of  this  horizon  has  been  discovered  in  any  of 
the  neighbouring  pit  wells,  and  the  absence  of  fossiliferous  beds  in  the  drilled  bore 
hoiea  might  after  all  be  only  an  apparent  one.  'Wbethar*  tbeBBfom,  other  fonii« 
t&rous  horizons  will  in  future  be  discovered  in  the  Promeian  or  not,  cannot  be 
stated  with  certainty,  but  the  probability  is  in  favour  of  such  a  view,  partioolarly 
when  the  atrata  of  the  Pronif.sandstoae  will  be  carefully  bcarohed. 
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The  fonaa  of  tbe  PrMMian,  little  as  we  kaow  about  it,  would  thus  show  the 
aaaie  fntuxet  as  that  of  the  YfMutffpoungimt,  namely,  a  reiy  limited  f^iiioal  and 
hHiiQiiktal  mnge. 

8w— OowoanoBr  or  thb  waxhia, 

(A)  General  Bemarkt. 

Aiter  the  deteiminatioa  of  the  ipeoieB  had  pmgnsied  for  a  eertdn  time,  I 
noticed  that  the  fauna  was  oompoeod  of  rerj  different  elements,  a  view  which 
might  havebofin  anticipated,  considering  its  geolos;ical  and  ewgrapbioal  position. 
A  priori  we  might  have  oxpeotod  species,  related  to  such  of  tbe  Eocene  of  India, 
and  others  more  or  len  niated  to  those  iatobiting  the  Indwi  Ooean ;  we  mlglit 
hare  furthrr  expected  sppcics  identical  withtibs  JOO/DgSC  Tertitry  beds  of  Western 
India,  others  identical  with  those  of  Jara  or  Bnmatrs,  and  to  judge  from  the  results 
Piofesaor  Ifartin  arriTed  at  from  the  stndj  of  the  teirfiarj  fossils  of  3$m,  it  would 
hftve  been  very  strange  if  a  relationship  with  the  lUKooeno  of  Europe  existed. 
However,  in  order  not  to  prejudice  my  mind  by  auto-sutr^cstion,  I  rofroinod  from 
taking  notice  of  any  observation  tliat  might  agree  with  these  views,  while  the 
detBtminatfam  of  spedeswas  progrsislDK,  tr]riB{;  to  take  as  impartial  an  optaion  of 
•ach  species  as  possible,  and  I  think  I  have  in  this  way  avoided  the  danger  of 
detenniaing  the  speoies  under  the  impression  of  a  previoasl;  fixed  idea.  After  the 
determination  Iiad  been  completed,  the  various  notes  weie  eolleeted  ud  they  ficrrad 
to  be  of  unusual  interest. 

On  the  foliowiru^  pa^es  181  species  =  88'8°/5  of  total  fauna  of  the  Yenangyoun- 
giant  of  Peleoypoda  and  Gastropoda  have  been  described,  of  which  14  only  oould 
not  be  speoifioallj  ddsnnined.  These  species  are  therefore  omitted,  and  for  obrions 
reasons  the  Anthosoa,  Behinddea,  Omsiaoea  and  Vertebrata  hare  also  been  dis- 
regarded. 

The  remaining  167  speoies  of  Pelecypoda  and  Gastropoda  can  be  divided  into 

two  classes,  vis. — 

(a)  Species  representing  types  which  do  not  exist  among  the  fauna  of  the 
Indian  Ocean;  this  olass  would  therefore  form  the  "exUnot"  species  with 
letaeDoe  to  flie  fama  of  tbe  Lidian  Ooean,  bat  for  veaaons  presently  seen,  I  rejeet 
tUa  term  and  propose  the  name  of  Palaogeiu  species  for  this  group. 

(i)  Speoies  which  are  either  identical  with  species  inhabiting  the  Indian  Ocean 
or  whieh  in  some  way  or  other  could  be  referred  to  such  species;  the  term  Neogene 
■peoioB  ii  anggeiAed  fortfab 

(a)  Pal.»;ogenb  Species. 

I  yery  soon  discovered  that  the  puliL'ogene  speoies  do  by  no  means  represent  a 
bananniiwa  group,  but  that  tiiey  ate  made  np  of  Taiioosi  Mdnr  hetoogBDons 
Hkwnmtl,  and  four  distinct  clBSSes  could  he  discerned. 

Of  a  hige  number  of  species  no  relatives,  either  fossil  or  living,  could  be 
tnwedi  it  ia  very  fndwUe  tliat  this  group  represents  tbe  lml<0«i^ 
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k  to  saj,  spocios  which  are  either  direct  desoendanU  of  species  occurring  in  the 
Soeeiw  of  lBdiii3aniM»  or  bar«  their  muwI  nlatim  in  the  Mine  fonuttkw. 
Hour  for  this  fieir  it  oomot  can  only  be  awertainfld  attar  the  Booeoe  fonu  of 
Burma  and  India  ii  f  ally  known. 

A  asoond,  flioiufh  tmaller  group,  being  about  oae-ihird  of  the  number  of  the 
Connor,  ezUbited  the  okaeit  ndatkniahip  with  apedea  oaonwiag  in  the  Bceene  of 

Puis.    I  term  tills  ?roiip  Onllic  typt??. 

The  third  group,  being  half  tlio  number  of  the  first,  is  closely  related  to  species 
wbioh,  aooordin^  to  oar  present  kiunrledgek  do  not  inhnUt  ttie  Indian  Ooean,  hnt 
live  in  China,  Japan,  the  Philtppine  Islands  and  Anitcalia.  The  tann  Pae^Sg 
types  isnsf'd  for  this  group. 

The  fourth  and  smallest  group  repreaenta  species,  the  relatirea  of  which  lire 
neither  in  the  Indian  Ooean  nor  the  Flaeiflo  Province,  bnfe  appear  to  be  limited  to 
thoMediterranr^an,  and  Sfi'iUterranean  types  wou'd  bf  an  appropriatn  desi^ation. 

The  fifth  group,  which  contains  a  singlo  species  which  could  not  be  classified, 
ia  of  eonvBB  only  a  maksabift,  whieih  would  disappear  if  tin  charaeteia  of  this  speciea 
were  better  Imown. 

{b)  NaooBKB  Spicibb. 
Four  groups  could  be  distin<;uished  in  this  class,  though  they  are  not  so  sharply 
defined  as  those  of  the  pahiK^ue  species.  In  several  instances  it  remained 
KHoewliat  dodbtfol  to  whioh  olaaa  a  eerlaio  apedea  ahoidd  be  aaaigned,  and  nrnoh  ia 
left  to  personal  o|dnion  and  palaontoliogieal  taet*  when  aneh  donbttU  oaaea  have  to 
be  decided. 

The  first  group  represanti  thooe  which  are  identioal  with  species  inhabitiDg  Hie 
Indian  Ooean;  its  number  ii  about  one-third  of  the  indigenona  apeeiea. 

The  spcond  ?rovip  re pn«ents  those  which,  for  some  rr-ason  or  other  presently 
explained,  could  not  be  considered  as  exactly  identical  with  species  inhabiting  the 
Indian  Ooean ;  these  are  the  •nS'tdaMMoal  apedea,  thebr  number  being  flie  aame  aa 
those  of  the  identical  spwies. 

The  third  and  smallest  group  represents  those  which  onqaestiooably  represent 
a  permanent  juvonile  stage  of  species  inhabiting  the  Indian  Ocean,  ^hm  Moh^onary 


The  fourth  group  includes  all  those  whiehf  for  aoBM  MMOft  «C  other,  oonld  not 
be  included  in  one  of  the  former  cl 
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On  the  following  pages  I  intend  to  discujs  tlieec  soTcn  classes,  firstly  from  a 
palteontological  and  socoadly  from  a  geological  point  of  liev,  dealing  with  their 
TCrlical  disfaribntioB  in  tlw  hotiioiu  dii^galtlied* 

{B)  Pthmteitofieul  OentUmiHBiu. 

(a)  VMSiMoown  ctmiw. 

1.  Indigenotu  types.— The  following;  h  tho  list  of  spootei  of  wbilA  M  relatives, 
either  liring  or  fossil,  couM  be  tracwl,  i\n<\  whlvh  far  this  renson  aro  assumed  to  he 
apeoies  which  hare  the  closest  relationship  with  species  oocurring  ia  the  Eocene  of 
InjUaand  Bunna.  Thia  vieir  ia  eoRolxmM  bj  aooOier  obaamlioo;  a  f^bnoM 
fluoo^  the  list  will  show  that  only  7  spinjii")  out  of  the  total  of  62  occur  alwiil 
lnjhi  tbe  remainder  has  ao  far  not  been  observed  outside  India  or  Burma.  Feleoj- 
poda  and  Gastropoda  ooofarllrats  ia  unequal  ilumato  make  up  the  total,  though  tho 
latter  are  with  87  apeeies  not  muoh  in  exoeas  of  the  former  with  25  speuies,  at  least 
as  regards  absolute  numbers,  but  if  computed  in  per  onnts.  we  see  that  the  Gastropoda 
form  exactly  607^  and  the  Pelocypoda  only  40  ,  „  of  the  total.  We  ahaU.  aee  later  on 
Oat  tUa  di^ifoportioa  between  the  two  ebMes  ooooza  move  frequently,  and  a  tbeocy 
tn  cxplrjin  it  will  be  given  on  page  fi?.  lliore  is  notliing  more  to  be  said  about  this 
group,  ezoopt  that  it  will  probably  be  of  great  importance  when  the  fauna  of  the 
flldar  terfuoy  bode  of  India  will  be  examined. 

Jjitl  of  iiHli^enouM  types. 
!•  Oatm  ptgmauU,  wpn.  nov. 

%,  lima  gn-'tlacMamt,  fip«<\  nnv. 

5.  Fnitella  Uagua-lifru,  »p««.  aov. 
Ai  JMMi  MdiMtM,  ■Ipsa.  aov. 

6.  Area  oldkamuina,  speo.  uov. 
7>     11  JVMMW)  apM«  MIT* 

9.    „  mmMuitt,  K.  Uaitin. 

10.    „  ptttkenut,  d'Arvhiao  and  Vltia*. 

IL  NmmU  jiajww'wy  spso.  dot.  \ 

IA.  Lida  tifmamea,  speai  anv. 

It.    «   t'i>7><,  K.  >Tiirtia. 

14k    II  avaitniu,  •p«o.  iiiiT. 

U.  <knKtm  nfMnwK,  d' AnhiM  nd  HilnMb 

Ma     I,      p^artic  )!a,  »])i>c.  nov. 
IT.  Imeina  d'arciiaciana,  tffO,  dot. 

18.  Cardium  minbHau^  wptfk  aer. 

19.  Pefrieola  ineerta,  ipw.  DOT. 
10.  CftAtrea  yomaSiuii,  tpM.  wr. 
n.  iKpM  mnakaiuntii,  ({IM.  DOT. 
ti>    m    Mt^fialoidet,  spoe.  BffT. 
M.    0    iMota,  Noetling. 
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54,  Iltatti'ia  tfxtiiU,  epec  not. 
£5.  CofluU  rugota,  Sowerby* 

M.  J><Hte/»M(  imttgeri,  8p«e.  dot. 
sr.  CMIiNtaM  ilaiifnrdi,  Noetling. 
28.  „        ia-rcnujaBM,  fpe*.  DOT> 

S9.  Baiiliua  loriolwut,  tgte.  dot. 
90.  IMmium  m^mi,  tpM.  aw. 

SI.  Torinia  buJdlta,  Noetlin;;. 

55.  8€aUfia  UptopUmrata,  tpac.  nov. 
S8.     „     imgukfU,  Noadiag'. 


34.  TurriffUa  limpUx,  Jenkins. 

35.  „        affini/Wmtt,  tpec.  nOT. 
Cypraa  granti,  Soworby. 

87.  Aritia  kumtwa,  Sow.,  tgm, 

88.  Trina  tmttU,  K.  Martin. 

89.  CdMw  d'arckiaci,  NoL'llinj;. 

40.  OsUotUa  momiU/era,  spM.  dot. 

41.  ChiNej«aw»>MmM,No(«liiig. 

42.  Firu!a  theolaMi,  Xoctling. 

43.  Ttilon pardalii,  Noctling. 

44.  P«r*«M  ftnUama,  tftc  HOT. 

45.  Fnfiu  vfrhecii,  K.  Martin. 
44.  Mure*  arrakanttui*,  Noetiing. 

47.  (7)  MUi«««|^l'AnUMCalBriaM. 

4ft.  FdMs  m^froMij  nor. 

49.  CmerlfarM  titonMfa,  spec.  nor. 

50.  „         r,\,:r'i/{ian,2,  spec.  uov. 

51.  Btriotereirum  unitiHttum,  tfta.  nov. 

M.  It  ^MMlSMp  ■poo.  BOV* 

53.  r^rtlMviMtV/it,  K.  Martin. 

64.  Flttmtma  lare»aUa,  sp«o.  nov. 

65.  Smrtuia  /edJemi,  Noeding. 
56.  Oenota  irravadiea,  NoetltOf. 
67.  ClavatmU  miutgg,  tftc.  waft 
58.  DriUU  fuumnuii,  VhMag, 
69,      „     promeiuU,  tpM.  MT. 

60.  Cinitw  jfuleiaHut,  spec  nOr. 

61.  „    galtniit,  «pec.  dot. 
G3.  Jtingieula  <iirr  f,i,  K,  Martin. 


2.  types. — This  group  iucludoa  the  following  28  species,  all  ot  which  bear 

a  Ta7  stnngMMmUaoM  to  ipeoioi  oooaniag  IttttoBMens  of  Ihib,  wiUioat  befog, 

howovOT,  directly  identical  with  any  one  of  them.  The  grade  of  this  relationahip 
oould  not  be  aBOSrtuned,  because  for  such  a  purpose  a  large  collection  of  fossils 
from  tho  Boosne  ot  POn  would  be  Toquired..  It  is,  bowerei;  certain  that  it  varies  a 
good  deal ;  in  some  instances  like  TrUm  utulriaitUut,  it  ia  diffioolt  to  diaoofor  a 

diJTerencp,  while  in  othors  the  difference  is  more  marked.  In  a  few  species  it  could 
not  be  decided  which  of  two  species  is  the  one  nearer  related;  in  this  case  the  two 
speeiet  baTe  been  mentioned. 
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1. 

■f.  Fitkm 

i.  M  immiiem,  wgm.  row. 
S. 

?.  TdUamfHrnni, 

11.  „      Icioplfurata,  ipee. 

nov. 

12.  J,     ^«/U«n,  ^M.  Bxrf, 

IS.  « 
14 


C  OltftamuSticotlala,  De«h. 
C  0»<m>  fittbelluia,  Lmk. 
OifriM  iMy<«i^  Bah. 


»     «yMMIM«,LiBk.  . 

flinfa  ia  mtlUlMtAta,  But. 

u      dixoni,  Desb.  , 


M.  TfAMiMMMIalMliMj 
IT.  „ 
18. 

U.  fWMrift  i&iMijM,  NoalL  . 
SO.  f«liitoAiiMa,8o».  k 

HOT. 

tt.  ,«  iatidtoni,  d' Arab. 
IS.  Gmmm 


D«ih/  dq.,  pl.Liri|,  fig.  7, 

Wood,  Boo.  MolL,  pL  IX,  fig. 

16,  la.  ^ 

D«A  Coq,  pi.  XVII.  fig,. 
17, 18. 

I>e»h.  Coq,  pi.  XVII,  figs. 

B»b.(S)q,  i4  XI,  ig^  15, 

Id. 

De«h.  Aaio.,  pi.  XL,  fig«.  32, 
»S,  S4. 

Coq,  pl.XXV.fig».  19, 

Desb.  Coq.,  pi.   XXII,  Ggs. 
16,  16. 

Deah.  Coq.,  pi.  XXXIX,  fin. 

1-80,  pi.  x!kXVI£],  te.  ik 

U.  17, 18.  —f 
DMb.Aiiim.,pt.  XIV,4gi.li^ 

13. 

Df»h.  Con.,  pi.  XXXV,  figs.  5. 
6,  pi.  XXXVI,  fiffB.  3,  4,  pi. 

xxxvii,fi«.i»;2o. 

D«ih.  Coq.,  pi.  XXXVI,  fig^ 

li  ft.  . 
Da*.  Amm,  pt.  X,  Rgs.  l,  2. 

iD»J-C«5,pl.  XIX,  %». 
D«wbj^Afliai,  pi,  LXVI,  fig». 

De»h.'  Coq.,  pi.  LXXX,  figg. 

18,14,16. 
D*«h;  Coq.,  pl.LXXX,  fig». 

it,  23,  2*.  * 
l*««h.  Coq,  pL  LXX,  fig*. 

16, 17. 

Dwh.  Coq.,  pi,  XCV,  fin. 

7,  8.  9.  ' 
Dwh.  Coq.,  pi.  XCir,  figs. 

1,  «. 

Onfa.  Coq.,  pi.  LXXIX,  figi. 

19  20,21.  * 
DMh.  Coq,  pi.  LXXIX.  IIm. 

Coq,  pL  xcvm, 

fig..  9. 10, 11,  It. 
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The  remarkable  feature  of  this  fauna  ia  the  preponderanoe  of  the  Qastropoda, 
wMoh  are  more  tbaii  double  tbe  nnmber  of  tbe  Peleoypoda,  a  fiMtvbkib  ii 
the  more  curious,  because,  if  the  total  of  the  ?ala30gene  speoiN  ii  oonndtted, 
Pekcypoda  and  Gastropoda  contribute  almost  pxnctlj-  the  aame  share. 

The  ooourrenoe  of  the  Gallic  typea  in  the  fauna  of  the  yenapgyoungian  is  of 
the  gieateet  intefMl!.  and  tbe  qoeitioa  bow  we  ate  to  aoeoontfor  ihii  lemarltable 

feature  is  not  fnsy  to  answor.    Two  thforif^i  only  are  possible. 

We  may  assume  that  the  Eooeue  fauna  had  a  very  large  geographical  range, 
that  ia  to  say,  tbe  mudo  Ikona  ooeumd  rinraltaneonaly  in  tbe  Eooene  of  Eranoe  and 
India.  This  theory  finds  a  strong  support  ia  some  f.iots  we  know  about  the  Eocene 
fauna  of  India,  however  few  they  may  bo.  I  myself  have  fiescriljed  tlin  remarkable 
oeourrence  of  Felate$  tehtiiiedeliana,  Chem.  sp.,  from  Burma,  and  I  dwelt  on  its 
wide  geogiapbieal  nnge  It  being  diatribiited  over  an  enorooas  aiea,  rangfaiig,  longbl  j 

speaking,  from  0°  Long,  to  9-1°  Lon?.  E.'  Mwrs.  d'Areliinf'  mvl  TTnirr.n  mention 
quite  a  number  of  species  of  Hummulitea  as  identical  with  those  from  Fzanoe.  On 
tbe  oCher  band.  llMsn.  Vitiioa&  and  Shden  bare  arrived  at  tbe  oonobuioa  fliat  fbe 
Antliosoa  and  Echiaoidea  of  the  Banikotian  and  Khirthnrian  are  dbtinotslj  different 
from  tbosc  of  the  Eocene  of  Europe.  These  views  beini^  in  direct  opposition  it 
would  he  useless  to  speculate  any  more  as  to  the  character  of  the  Indian  Eocene 
faana  aa  tbe  question  will  best  be  aolved  hj  ita  ezaminaiim.  I  may,  lioweveir, 

add  that  it  would  appear  very  strange,  if  an  identici]  fauna  existed  in  Franco 
and  India  during  tbe  Eocene  period,  at  a  time  when  most  probably  already  well- 
defined  geographical  provinoea  ented. 

The  other  theory  is  bas«d  on  tho  migration  of  species.  We  mny  finpposo  that 
the  fauna  which  lived  during  tho  Eocene  period  in  Praneo  pradiially  migrated  in 
ea(>tern  direction,  and  that  during  this  migration,  which  took  place  in  horizontal  as 
irell  as  Tertieal  direetiott,  tiiat  ia  to  lay,  ftom  west  towards  «att  and  tram  the  Booene 

to  tlin  Mioeeiic,  the  species  underwent  Certain  obanges;  tliry  cventuHlly  nssumnd 
the  shape  in  wltich  they  occur  in  the  Miocene  of  fiurma,  and,  though  distinctly 
diilorent  from  tbmr  Eocene  anoeators,  still  preserve  raffieMot  of  tb«r  featuiea  to 
give  them  the  hall-mark  of  their  European  Eocene  home. 

This  theory  is  in  direct  opposition  to  that  of  Semper,'  who  holds  tliat  tlurin? 
the  Eocene  period  an  ooeauio  current  was  directed  from  India  to  Europe,  and  i 
tUak  be  aufipoeea  that  a  aigtatioii  of  apeeiea  took  plaoe  in  tbe  direstion  of  tbis 
eocrent,  that  is  to  say,  just  the  opposite  way  as  I  assume.  I  do  not  wish  to 
enter  into  a  discussion  of  Dr.  Sompor's  theory,  but  the  data  available  with 
regard  to  the  fauna  of  ibe  Indian  Eoeene  on  wbieb  I  tbink  Dr.  flemper's  theory 
iaohiefly  based,  are  not  reliable  •nongh  to  base  on  such  a  far  reaching  theory.  My 
view  fully  corrohorates,  however,  Jenkin's'  theory,  who  I  believe  was  t)ie  first  who 
promulgated  the  theory  of  an  eastern  migration  of  European  species,  in  order  to 
rngjitSai  ibio  xdatiooibip  of  tiie  fauna  of  tbe  Indian  Ooeaa  with  the  lUoceoe  off 


•  Bmm^  a«ol0K  Surrey  of  laA.  ISM,  Td.  XXTII.  pt.  S,  UN- 

•  ZtitMhr.  dcr  dooUoh.  0*i>lo<.  OftttUeh.  1896,  Vol.  XLVIII,  pigtaU. 

•  q/nuL  Jonra.  QmIos.  Soe.  •(  Uaiea,  ISM,      XX.  !•(•  tt. 
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Europo.  The  only  difference  in  our  views,  is  tho  proof  (hat  this  migrfttion  MBllDenced 
earlier  than  assumed  hj  Jenkins.  My  theory,  assuming  a  migration  in  sMtotn 
direotioD,  it  supported  1^  some  ezeeedmglj  good  facts.  We  iliall  presently  see  fliat 
a  strong  general  relationship  exists  between  the  fauna  of  the  Yenangyoumgiam 
and  that  of  China,  Japan  and  the  Philippines,  hut  more  important  is  tho  obserr* 
ation  with  r^ard  to  the  relationship  of  Jjucina  ^agana,  spec,  hot.,  and  Lucim 
tteatfvmmoith  spee.  nor, 

Zueiaa pagana,&pdc,  nov.,  represents  undoubtedly  the  nealogic  sta!;o  of  ZuciM 
pkUtppinarumt  Beere,  a  species  which  apparently  does  not  occur  in  the  Indian  Ocean, 
bnt  only  eastwards  of  Singapore  as  fax  aa  the  FhUippincs.  On  the  other  baotl  Xwim 
pagana,  speo.  naw.t  bcMts  the  tUmtH  idatfcmaUp  to  LmUm  f {MMmlo*  Dcdu,  fnim 
the  Paris  Eocene. 

Perhaps  still  better  proved  ia  the  relationship  between  Luciiia  tqumnosa,  Lmk., 
£»0f iM  neaMfMamMOf  qpeo.  nor.,  snA  Xmditm  vmiataf  Beene.  XnoAw  mttutuamata 

is  so  similar  to  Luciaa  $quatno»a,  Lmk.,  from  the  Eocene  of  Faris.tbat  it  ii  almost 
difficult  to  discover  any  differences;  on  the  other  hand  Lucina  neatqwrnoaa  is 
so  similar  to  Lueina  veuiuta,  Beeve,  from  the  Philippines,  that  the  relationship 
of  tfacM  twotpeoicB  can  haidlj  bo  denied. 

Both  thesf  'pecies  seem  therefore  to  indicate  ft  migration  from  west  to  east, 
which  has  been  going  on  from  the  Eocene  to  the  reoent  period ;  and  the  following 
diagnuDa  will  iUmtnte  tliia  view. 


FnBM. 

BmiD*. 

PkilqppnMi. 

Ttm*. 

Fhilinimt, 

Zmum  piSip- 
fimanm. 

Imfim* 

... 

 ~  r  

EooaM 

Lmeima 



••• 

£««■'■«  jgauMM 

M. 

A  further  proof  is  given  by  the  occurrence  of  the  genus  Batilitta ;  this  enus 
wbieli  Imi  bifliarto  only  beea  known  framtbenceot  fitmiftof  Jftjnii  and  tbe  Booene 
fauna  of  Faria  la  mudgtnkftbfy  npraaented  by  ^msMms  lorinKmM»  ipee.  nov., 
from  Burma. 

If  a  oertafn  genna  X  wbidi  baa  bitherto  been  known  to  occur  in  two 

countries,  A  and  C  only,  in  two  vertically  suroi  i  ding  beds  A'  and  C,  is  suddenly 
found  in  another  country  B  half  way  between  A  and  C  in  a  bed  B'  wliicli  liolds 
an  intermediate  position  between  A'  and  C,  the  notion  that  this  genus  X  migrated 
from  AtoO,  aaoendingsttfaeHaietinw  invartlMldifeotkin  bom  A' to  C  ia  well 
founded.  Tlie  facts  here  rccordwl  are  fnlly  in  harmony  with  tho  known  simihrity 
between  the  l^ocene  fauna  of  franco  and  the  reoent  fauna  of  Japan.  In  faet, 
aeoording  to  tbbtieir  one  ought  to  bsTe  a  j»rto<i  eKpeotadUui  ooevRaue  of  ipaeiea 
related  to  neh  from  the  Eocene  of  Paris,  and  oflien  xdated  to  snaib  from  the 
China^JapanoM  awa  in  tbe  Miocene  of  Boxma. 
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It  is  perhaps  this  obsorvation,  though  not  recognition  of  the  Gallio  element 
in  the  fauna  of  Java  and  Sumatra  whioh  led  BcBttger  to  aasume  the  views  ezpresaed 
in  Us  nMmoir.'  It  wvold  oertKinly  be  eacaeedfagly  iiitanstiiig^  It  the  IOooiim 
fnnB  of  Java  and  Bamatra  would  be  examined,  in  order  to  aMtcWa  frlMtliar 
the  Gallio  element  exists  among  this  fauna,  as  I  believe,  or  not. 

8.  Fae^fio  tfpet.--JDM  speoies  inoloded  in  this  group  amounting  to  SI  in 
•H*  an  eiianuiteriied  by  a  greet  selatioiiiliip  to  apedM  inhabiting  tbe  western 
part  of  tbe  Pacific  Ooean  from  Japan  to  Australia,  but  which  apparently  do  not 
occur  among  the  fauna  of  the  Indian  Ocean,  and  though  leoent  spetaes  to  aome 
degree  are  extinot  with  referenoa  to  the  fanna  of  the  Indian  Ocean.  The  degree 
of  relationship  varies  a  good  deilt  MBie  speoieii  are  only  distioguished  by  a 
smaller  shell  and  a  more  delicate  ornamentation  from  their  living  relative*,  others 
represent  unquestionably  permanent  juvenile  stages,  whUe  others  are  most  probably 
the  anoeiton  flnm  whieb  eertain  apeeiea  liiiag  aov  in  the  above  legtoa  have 
erolfed.  Hmw  apeeles  aie 


XM^  Pacific  Tt/pe». 


8in  rf  ftlm. 


of 


Sttbmut, 


1.  Jeiemla 
nov. 


t.  Am  tiigfitmiti*,  spso. 


K.Mai^ 
6.  CttHU  uaintt,  B|paa.aoT. 


9.     n    &'tfsiwwi«Hi^  K. 

Martu, 
7.  OnuatMa  Urntn,  spae. 


8.  JMm 


BOV. 


10,  <^p«M  AMH^M^KsatL 
U.     »  ^M^NaalL 


1%.  JftfonmNe^nfeM^rsrii,' 
18. 


I* 

sp«a  DOT. 


} 

Mi^fsrji,'^ 


^riV./a  dWnM^  BvSL,lblM 

Jrea    ffmiernaeulump  BfSht 

Pbilippnw. 
AftBjtftuMtf  BvSb,  JapSB  ■ 


Parol  Ulipipedmm 

Lid.  ip.,  Ckiaa. 
Carififa    erattUoilaf  Isnk., 

Pbitippinsa 
CMtta/tto^  B«a,  lUBntDM 

Cr«M<<Usfai«vBve«  lUlip- 
pinea. 

pineg. 

PbilippioM. 


i$f  QoWf  So* 


Mtioe&riit  vuUarit,  Bvs.  an, 
ChLn. 


K  vo,  MoD.«r  Amah»  fL  ZVI, 
fig.  68. 

IUne>  Moa.  ofJmi^  pi.  X,  Ig;  M. 
Basve,  Use.  siJrHh  pL  T,  If.  at. 

Kf«v«,  Moo.  st  ifrw,  pL  XVIL 

fiR.  117. 

Hrpve,  Moo.«(  J'fw^  fL  XVIL 

fi?.  118. 

ReeTe,  TAaxL,tl  dm,  jA»  UXL 

fiff.  86. 

I^eve,  Mon.  sl  CarMU.   pL  IL 

fig.  7. 

Rc*ve,  Mob.  fli  CMBSi^  pL  U, 

Sg.  8. 

IU«v«,  Mod.  fli  CnnMtlU,  jL 

fig.  11. 

Smvc,  Mob.  of  XwAm,  pL  HI* 

fig.  15. 

fiMTa,Moa.iil  Jwrtii^   ffi  Vf, 

fig.  18. 

t§,n. 


RsoTCk  Hob.  of  homriia,  pL  I, 
Iff.  i. 


>  BattQii;  T«rtUrfuftiaa  w  fl«Mi*im,  PihioBiotHilili^  tumL 
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14.  Feniu  pralo/Uxuot*,  ipec 

II  ov. 

IB.  DiiDif  proioUladni,  ipoc. 
nov. 

16.  Jjitiitut  prot'.ijtivnilis, 

17.  ItiUiui  fr<)'"*'rittiila,t^ 

DOV. 

18a     If      frotoeandida ,  spec. 

liOV. 

19.     w     indifferent,  spec. 
noT. 


ti,  e»n  nmttmttt,  ipee.  bov.|^ 
23.  Sol'curlut  (•/•»» /ciitM,  spec. 


TeHU4  fl'jj-KOsa,  Lino^,  China 

/>iV«f  /i/<fi-<.!,t,  Lijik.,  Australia 

Drtiitia  jtivtiuiU,  Utitol.,  Plii- 

Ttllina  ».'rui/«ia,  Lmk.,  Phi- 

lipjiine*. 
T-!ihn<%  ciiiiilulij,  Lmii.,  Chiaa 

TeUina  IriamiKlarit,  Chemn.j 
Chink. 

Ttllina  Ttitlrata,  Lin.,  Pbilip- 
pine*. 

Ha;..  /Philip- 
Teiii.iit  jy'aniijiiKi^,  C  piues, 

Smv.  J 
Gari  i)ut:'la,  Dcth.,  AuBtnlia 

Gari  nrniya'a,  Desk.,  Philip- 
pinei. 

SoleeuriHt    exaralttt,  Phil., 
China. 


24.  iiactra  prutoretrtti,  sjiec.  Maetra  ri-ereti,  Dt^sh.,  Malacca 

nov. 

25.  Pkola*  blaafordianut,  bjxk;.  PAohu  nuiiiUne,  Sow.,  Phihp- 
noT.  [  pinfg 


26.  Turcica  protomonili/era, 

eilwc.  nov. 

27.  Seatari*  birmaniea,  Noetl. 

JS.  Ca!fplraea  rtyoia,  Nocti. 

29.  Semicamif     prw'.  Jep-jHicn, 

Bptx.  niiv. 
80.  Conui   prut'i/urvtn,  ppeo, 

nov. 

31.  Coim*  laHta,  cpec  dot.  , 


Turciea  in/,Hi!i/i-r,j^  .\dama, 

.\U8tralia. 
Scitlaria    rfcitcuis'a,  Crosae, 

Auttralia. 
Calyp'raea    dormi'vria,  live., 

Pliilipintuu. 
Catiit  jap  nica,  live.,  Japan  . 

Oititt*  furvui,  Rve.,  Philippines 

Conut  tiMuU,  Sow.,  Chiu  . 


Itoeve,  Mod.  of  T enut,  pi.  XXI, 

lip.  y9. 

RcBve,  Mon.  of  Diont,  pi.  I,  fig.  5. 

Reeve,  Mon.  of  Artemit,  pi.  T,  fig.  5. 

Keeve,  Mod.  of  TeHina,  pi.  VllI, 
fig.  34. 

Raove,  Mun.  of  TeiliHa,  pi.  V, 

Ut.'Vf,  Mon.  of  TelUm,,  pi.  XXV, 

K-  v.i,  Mon.  of  TelliHa,  pi.  XVII, 

fi>,-.  S3. 

R«!%-t.,  Mnn.  of  rrf.'i.,,!,  pi  XVII, 
fig.  8&. 

R*eve,  :\loQ.  oE  TeiUn,!,  pi.  XXXV, 

fig.  I'.ie. 

Reeve,  Mon.  of  Pttitnm  ilin,   pi.  I, 
flu'.  ~- 

Unf-vt',  Mon.  of  rtammohia,  pi.  II, 
tig.  ii. 

Itei-ve,  ^[on.  of  Solecurtw,    pi.  I, 
fi?.  1. 

R.hve,  Mnn.  of  JAjffra,  pi.  XVII, 

fvi.  i<2. 

lUeve,  Mon.  of  Pio/ai,  pi.  VTII, 
fig.  31. 

H.  &  A.  Adams,  Gen.  of  Moll., 

Vol.  T,  pi.  4S,  fig.  S. 
llri-ve,  Mdii.  of  .>."iiiar»i2,  pi.  XV, 

11. n 

Ki-eve,  Mon.  of  Cal^pircKa,  pi.  II, 

fig.  5. 

Rti-ve,  Moo.  of  Catiit,   pi.  IX, 
fig.  23. 

Roeve,  Mon.  of  C^nut,  pi.  XIII 

atid  XL,  fig.  (Ut. 
Hcaflu  Mod.  o£  Comut,  pL  XV, 


9     The  diaproporlioii  of  PdMypote  And  GMtnpoda  |i  flie  aMUiig  tetora  ot  this 

lilt,  the  former  greatly  eic«eding  the  latter ;  thus  just  the  revene  takes  plncc  as  we 
hare  noticed  in  the  Qallio  types.  In  that  group  the  proportioa  of  Feleoypoda  to 
Gastropoda  van  1*3 :  2i,  in  this  group  it  is  4*  16: 1.  Thii  ii  tiu  mom  xwiiiarkable, 
tweauM,  u  already  stated,  the  proportion  of  Pdaoypoda  to  Gaataopoda  is  almost 
1: 1  anysng  both  the  total  of  the  palteogene  and  neogene  species. 

Among  the  Pacific  types  two  epecies  are  of  particular  iaterott,  because  they 
lepNavnt  aaqvestiiMiaUy  spedm  from  whioh  new  <nm  hare  sffdrsd;  tluieare 
Farallelipipedum pr«tolori»o»um,  spec  dot.,  and  Meiooardia protoculgarU,  spec.  nov. 

Tho  first  named  spocies  rapresents  that  peculiar  group  of  contorted  Arc«,  for 
whioh  the  raiher  long  name  of  FanlMipipeinn  hasboODoluNeiL  NoiapraieatatiTeB 
of  tliis  fjfom  an  knawa  £rom  Bniopek  aial  it  laama  that  this  gaaoa  fliat  appoan  in 
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the  Miocene  of  Western  India  and  Burma ;  it  was  probably  very  short  lived  in 
Burma,  bat  bt  'Westem  India  tteiiBled  apparontly  kiager,  bewnae  it ooeocs  in ihe 
Pleistocene  deposits  of  the  Mrkmn  coist.  It  must  havo  then  died  out,  for  it 
certainly  does  not  oocur  among  the  fauna  of  the  Indiaa  Ooean/  but  eartitfards  of 
Singapore  ft  b  nam  lenramiMl  hy  the  only  living  spedM  F9ralMipip$itm 
tarhMum,  Reeve,  whioli  bM  andoabtedly  flifdlf «d  fiou  fb»  Ifkoeiw  PonilM^ 
fMiilNH  prototortuonum. 

A  similar,  and  not  less  interesting  instance  is  that  of  lleiocardia  prototnlgaritt 
apee.  nor.,  and  IMooardU  mtttMulgmrU,  ipea.  nor,  fhe  g«»ig  Meheardia  turn 
been  established  for  a  few,  peculiarly  shfiped  species,  which  have  formerly  been 
olassi&ed  among  the  genus  laoeardia;  the  liriag  representatives  aro  at  present 
natiiotBd  to  tbe  Ohineae  Sea,  bnt  it  is  Tery  probable  ibat  It  ma  largely  represented 
in  eariler  periods,  because  many  of  the  so-called  Ojfpricardiae  probably  belong  to 
the  genus  JUeiooardia.  In  Burma  it  is  first  represcnt<»d  by  MfiiocanUa  prolo- 
9»lgariB  in  tbe  zones  of  FhoUu  orientalU  and  Farailelipipedum  protutortuoaum.  This 
apeoiea  ia  trinngalnr  in  abape,  baring  a  ntber  small  index  and  ddieate  eoaeentrio 
atrite  as  omamentatirm ;  in  the  younjjer  zone  of  lleiocardia  nwt'itulgari a,  the 
abape  has  become  more  elongate ;  tbe  index  therefore  larger  and  the  surface  is 
coreied  'wiCb  ooana  eonoentrie  wrinUea.  The  genus  seems  tben  to  bare  died  oat 
in  India,  bat  in  Java  it  is  represented  by  the  Pleistocene  Meiocardia  subeumingii. 
Woodward,  and  at  present  it  oecnrs  onlv  in  three  species,  which  apparently  differ 
little  from  each  other,  and  of  which  Meiocardia  vulgarU,  Heeve,  is  unquestionably 
tbe  dinet  descendant  of  JfeloeomMe  mHaat^erit,  bafing  tbe  aame  elongate  abape^ 
but  atmng  concentric  ribs,  instead  of  coarse  wrinklea. 

Xbase  instances  are  sufficient  to  f  rore  the  eonneotion  between  tbe  Miocene 
Ifenaa  of  Borma  and  tbat  inbabittng  the  western  ooaata  oCtto  fioific^  a  faet  whleh 
can  only  be  explained  by  migration. 

•  4.  Hediterranean  types. — This  group  includes  a  very  small  number  of 
qiecies,  the  nearest  relatives  of  which  inhabit  at  present  the  Mediterranean,  and 
whish  an  rnqneationablj  not  fq^raented  among  tbe  pnaeut  fanna  of  tbe  Indian 
Ooean. 


Hit  nfMedUerraium  tfpu. 


Hum  of  (pMitt. 

Naro*  of  nfinrnt  Mxing  i»l»lWe. 

I.  IHutMiM  miaHU,  Nortl. 

NoieomvsnA 

2.  CaiutttmfimgtmlMHmlUii*, 

Liiiaa  Itosnm  £nb  Algitia. 

Both  species  are  represented  by  a  single  specimen  only,  no  othflia  baviag  been 
found,  and  this  seems  certainly  a  proof  for  their  great  scarcity. 

*  I M  tsskb  to  NT  «Mto  a  pitbq*  itm  aMi  iMg  tiw  fbm  rf  fW  Mw  Mb 
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The  ooooneooe  of  thia  element  is  aa  puzzling  as  that  of  the  Gallic  type«,  and 
if  a  mh  ooodiuioii  vara  dawn  from  the  occurrence  of  this  particular  tyyo,  an 
mtiielj  &1m  opinioii  would  ba  artlfed  at.  One  vdgYii  assume  that  Ada  pppo, 

occurring  in  the  Miocene  of  Burma,  but  not  in  the  fauna  of  the  Indiin  Ocean, 
migrated  from  east  to  west,  thus  indicating  a  direction  of  migration  fully  in 
oppoeiHoii  to  the  one  above  'ptand* 

Another  explanation  can,  however,  be  giren  which  is  perfectly  in  harmony 
with  the  thi'ory  of  tho  ini2;ration  from  west  to  cast.  The  nearest  rehitircs  of  both 
species  occur  in  the  Miuueuo  ol  Europe ;  whulher  an  Eocene  ancestor  of  CanceUaria 
eaaoMatm  vUl  be  Coand  lam  unable  to  aay,  but  i^ftoeftaliv  ««mIm  had  oarlainly 
an  eocene  predecessor.  If  we  suppose  that  both  types  existed  during  the  Eocene 
period  in  Europe  aod  some  of  their  repreaentatires  migrated  with  other  species 
towaida  eaat,  when  Uttf  died  oat  with  the  end  of  the  IGooene  period,  while  tbey 
persisted  in  Bucopc^  up  to  the  pieaniit  time,  we  hare  a  perfeotly  satisFactory  explan* 
ation  for  the  oonurrence  of  this  roniarkable  eloraont  in  tlic  Mioo*?nc  fauna  of  Bwrma, 
without  being  in  contradiction  to  the  oonolusious  arrived  at,  from  the  study  of 
other  ijKMipB* . 

The  number  of  these  species  is  unfortimat  'ly  vi'ry  arnall,  but  it  may  not  be  too 
rash  a  conclusion,  if  we  assume  that  a  large  nambor  of  Mediterranean  typea  oceura 
in  the  Bfiocene  of  Weatem  Iiidia> 

6.  Speciet  not  elaatified^—Tldi  gioaf  oalla  for  no  further  remarks ;  it  contains 
a  single  species  only,  Ostrea  promennit,  rnr,,  which  is  too  ill-preserved  to  allow  of 
any  deiiuite  opinion  as  to  wliich  of  the  previous  groups  it  should  bo  assigned  to. 
All  thateaa  be  said  about  this  apeoka  ta.  ttiat  it  beaxa  no  dmilaiity  or  xdationahip 
to  any  of  the  apeeieB  of  Oaffwe  living  in  the  Indian  OflMBB,  and  perhapa  tepieaeata 
a  GaUie  type. 

{b)  Nkooekb  sfecieb. 

1.  Ideniieal  «p«ct0«.— This  group  includes  only  auoh  apeoies  which  after  a 
careful  examination  could  be  pronounoed  to  be  ideattoal  with  apeoiea  inhabiting 
the  Indian  Ooatn.  The  Uat  is  nOust  a  meagre  one  giving  only  19  apeoiea,  wbiob 
show  an  almost  equal  ptopoftion  of  Feleojpodn  and  Gaatiopoda»  the  lattK  being 
alightly  in  ezceaa  of  the  focmer. 


Xdst  of  ideniieal  species. 

■iMfllifMiia. 

1.  MfHhi  witrianeKt,  GboBD. 
A.  irw  IMf^l«la,  Dank. 

B^re,  Moa.  «l  MfUlMf  IX, 

fig.  4*. 

Noiaaaotq 
Indkalfv 

paaiaMMoonpiNd. 

S.  CHmmMZs  fwfrata^  Lade. 
4.  ytMH^nMnbam, 

Reeve,  Mon.  at  ftWNdirfh,  pL 
11,  fig.  10. 

Oittab 
Oilto. 
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D.  Cytkfrea  erycita,  Fav^one  . 

6.  Tellina /oliaeea,  lAaoii 

7.  PkoloM  orieKtaii;  Gnwilin.  . 

8.  Leatalimm  jmmfk%kni,  K. 

Martia. 

0.  Solarium  mmiimim,  Pbilippi . 

10.  Sigareftu  ntritoidetu,  lanni 

11.  BimtUa  eritpata,  Sow. 

12.  Baiulla  eJfgaH*,  Beclt . 

18.  tfT%la  p«ffti!>ia,  Bora  spec  . 

14.  „     bvc^phala,  Lmk.  spec. 

15.  Marginella  leripta,  Uiiids.  . 
18.  Oliva  rv/ula.  Duel.  . 

17.  Claratula  fulmnata,  Kiener 

18.  C«HNM  liUralMt,  Lgnn£ 

19.  «    «m{mc«mm,  Hwm.  . 


Reeve,  Mon.  of  lii  int,  pi.  1,  fig.    ladi»a  Muwam. 

3.  i 
Re«ve,  Mon.  o£  Teiiiaa,  pi.  Ill, 

%  n. 

Reove,  Mon.  of  Fkolai,  pi.  II, 
fiar.  5. 

Dentaiium  magnijicum      .  . 


Reeve,  Mon.  of  &ilanum,  pi.  I, 
fi)?.  -1. 

R«eve,  Mon.  of  Sijiirelut,  pi.  I, 
tV'.  6. 

Reeve,  Mon.  of  R-it'rilanaj  pi. 

lIl.fitr.H. 
Reeve,  Mod.  of  Itaitfiia,  pi.  V, 
ti<7.  22. 

R<«ve,  Mou,  of  Pyrui'ii,  pi.  I, 
fig.  1. 

lU-eve,  M  >n.  of  Ptrn!.,,  pi.  VII, 
R<;.  H. 

R«ave,  Moil,  of  Mar^indla,  pi,    ludian  Museum. 
XIV,  fitr.  6->. 

Rwjve,  Mou.  of  Oiiv:f,  pi.   XX,  Ditto, 
lii,'.  5(1. 

Revive,  Mon.  of  tievrutuma,  pi.  Ditto. 
V,  fig.  37. 

Reeve,  Mon.  of     Conut,       pi.  Ditto. 

XXXlII,  fig.  Ib3. 
Baerc,  Men.  Sl  Cowmt,  pi.  X,  Ditto. 

Iff.  49. 


Ditt-o. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 

No  recent  epocimoni  OOmjuad. 


9.  Sub-identical  sp«oi«b— fUa  group  oontaiat,  toof^  ipealabig,  aU  tluw 
gp«des  which  aro  neither  exactly  identical,  nor  represent  an  evolutionary  stage  of 
living  specie*,  but  which  are  so  similar  to  liring  species*  that  tbera  can  be  no  doubt 
M  to  thflSr  wpwunnttng  thair  lfiooea«  noestow. 

The  relationship  in  which  these  species  stand  to  their  living  descendants  i» 
atfW  B  peculiar  ono;  the  living  species  cannot  be  called  a  variety  of  the  fossil  one, 
Bof  is  it  a  new  spemAi  whieh  has  evolved  from  the  formar  one.  As  for  a  variety 
Che  leatnrai  ue  too  diifenul*  aoi  fiar  a  new  species  the  featoiea  ana  again  too 
similar.  The  difference  may  host  be  characterised  as  follows  :  In  the  iliocenc  we 
have  a  small  shell  with  a  delicate  ornamentation;  in  the  recent  fauna  we  have  ex> 
actly  the  same  diaiaete(%  Irat  the  wliole  ia  tnaufona^ 
the  shell  has  become  larger  and  the  omamentation  miuik  ftwmger.  Ihe  tarm  «mi- 
Mio  might  perhaps  be  applied  to  this  group. 

In  other  instances  like  that  of  Gari  protokingif  spec  nov.,  Gari  kingi, 
KoeiL,  Gtu4  deuUnMngi,  apeo.  nor.,  &0H  coeratetetM,  Reev^  wUoh  fepfewnt 
a  perfect  line  of  evolution  from  the  zone  of  ParaUelipipedum  protolortuo$um  to 
the  present  times,  it  is  certain  that  by  a  gradual  change  a  new  species  has  evolved 
Erom  an  older  one.  There  is  no  doubt  as  to  the  difference  of  Gari  proiokingi 
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and  (7ari  Cfiervlescent,  yet  both  spocics  arc  infimatdj  OOniMotad  llj  {he  istef* 
mediate  species  of  Oari  kiagi  aad  Oari  deuterokutgi. 

It  ii  tmfmtnnito  that  no  definite  rate  oan  be  given  t»  ttie  Ad&niletiaB  of 
both  sub-groups,  bfloame  too  much  it  left  to  the  personal  opinkn.  Two  auUms 

might  perfectly  disaf;ree  m  to  what  is  to  be  considered  a  new  species,  or  a  mutatio, 
or  even  whether  tvo  species  are  identical  or  not.  The  line  here  taken  expresses  of 
eonne  mypenonal  vieir,  end  othon  majdiflbrfrom  it^  yet  I  Ihiiik  that  the  mntatiQa 
greatly  nxcoed  the  new  species  among  this  group. 

Felecypoda  and  Qastropoda  contribute  almost  evenly  towards  its  oompoaitioilt 
theiB  being  10  of  the  former  and  nine  of  the  latter. 

XM  of  iub-ideniical  tpeeies.^ 


IMif  nlillvib 


1.  Mm 


t. 


I.  Mkmla  altetM,  No«a 
asv. 


9.  fi^jfnltJiinkf9siik»n,m 

«.  ffcn'Mv^KsetL  . 

10.  CMdls««M«fi^K.Msilia. 
IL  AfMi  /MMffwm 
Ua  JbfiM  fimiMii  8sw* 

Ua  JtmHIM  flMlMMlMi&M 

14.  AtaMsfMMsAiIpWb  Bow. . 

nov. 

U,  Bhioterebrwm  pHtmftm, 
mn.  Bov. 

15.  JhmiitjffotinhmflM,  ifse. 


fl!»niW<s  wnVs^a,  Bung.  . 
liyM  l>ra<<b  SUL I 


Cbrlefa 


fig.  10. 

Bera^  Moa.«(  Chnrffam,  pL 
Reev^  liM.«|  AMBfs,  pL  I, 

fig.*. 

Siev^ll«.o(  eWtf^  pL 
I,flg.a.  *^ 

BMVik  Mob.  oI  CMMtn^  A 
Z,lgk47. 

BMVSkllflibot  ftyMb  pl,T, 
fig.M. 


RMve,  Moo.  ef 
pi.  VIII,  fig.  60. 


ltoi«^lloa.of  OtiMg,  wL 
I.  «g.  K. 


IC  JhilUm  fntnimla,  spse.  oev. 


i^wrilo  fatuplofa,  Lwfc.  . 
Bwrffw  jifUmta, Maal  ope.. 


1I«B.0I  JToliMh 

VII.<»<4. 
Boevci,  Kan.  «C 

I,  fig.  8. 
Bme^  Hon.  eC 

pi.  II.  fig.  4. 

TIi;fig.M.  ^ 
Boove.  Mob.  of  TttAn,  pL 

VIIL  fig.  81. 
Reev%  Mob.  «i  AmifiiLp].  L 

%.». 
B«ev»,M(m.  of 

pi.  VII,  fig.  I, 
R«eve,  Mon.  of  J/Wifoftsw^ 

pi.  XII,  fig.  99. 


M  FAUNA  OF  THE  MIOCENE  BEDS  Of  BURMA. 

8.  EvohUioiwrjf  tpeeiet.^Thia  small,  but  iaterasting  group  includes  saoh 
■peoifla  which  with  certainty  were  recognised  to  represent  permanent  juTenik  stages 
(rf  liviag  sipeoies.  80  far  it  mmm  that  they  all  exhibit  about  the  same  stage  ol 

eTolution,  not  that  one  species  represents  a  far  more  advanced  stage  than  the  other. 
This  qnestioa  is,  however,  not  finally  settled,  the  total  number  oE  speoies  belonging 


to  this  group  being  mot  m 

0Mliiin8L 

XW  ^  MOMiOMfy  IMi 

tkt. 

Kuia  of  if«d«. 

Nmb*  oI  B«tt  lifiag  Nkttbt. 

I.  Peelrit  praiutentttfitU, 
■pec.  uov. 

Reeve,  Mon.  of  Ftttta,  pL  XXXIT, 
fi(.  159. 

2.  Jrra  iifrmm",  d'Arcli.  ■^ 
and  Uaime.  1 
8.   „   tktabaldi,  apte.  dot.  I 

Area  fwiM,  Uut, 

Been^  llMbot  Area,  pL  6g.U. 

4i>  „    melabitlfifata,  Kgn, 

nov. 

5.  Cardinm  prolotntnfoum, 

sfee.  nov. 
6i  0>rf)iila  prololrmneala, 

■pec.  nor. 

7.  Banella  prototiAmtittit, 

■pec.  noT. 

8.  CUuUnla  pntanti&iim, 

■pee.  nov. 

Bim^ia  Mmularii,  Lmk.  • 
Plamloma  md^tra,  hmk,  . 

BcwSi  Hob 

uoC  Carium,  pLXI, 
utiFkimm,  pL  IV. 

Meagre  as  this  list  is,  it  seems  certain  that  the  number  of  Felecypoda  is  far  greater 
fben  that  of  the  Gastropoda,  the  proportion  being  75 :  S6^  11  we  leeolleot  tiiat  a 
dmilar  disproportkm  eiisted  between  the  Felecypoda  and  Gastropoda  of  the  Pacific 
types,  whore  t!ic  ratio  vma  75 :  18,  it  is  perhaps  not  too  rash  to  suppose  that  the 
Felecypoda  u{  iho  Pliocene  formation  wore  probably  in  a  stage  of  transformation, 
while  tite  GastropodA  repretented  a  mm  itabOe  elnneDt. 

4  Speoie§  nof  efawsf/lml.'^Iliis  nprneiiis  a  nnaU  nvmlier  of  ipedM^  eft. 

1,  (^trma  lodomnsentu,  VfH.  Wf. 
%.  XenopJkon  Uma»ieafttpto,wiirt 
S.  Satiea  tallota.  Sow, 
4b     I,   fnntttff  i|pso>  aov> 

which  most  probably  bavo  living  relatives  among  the  fauna  of  the  Indian  Ocean,  but 
whiob  owing  to  the  indifferenee  of  their  featoies,  eansed  by  the  state  of  preserva- 
tion, can  Id  not  he  brought  in  relation  with  any  given  speciM»  bat  appeared  to  ha 
related  to  quite  a  nuakber  of  them.  Better  picserTed  speoiaiMiB  will  perhaps  ia 
fntoie  allow  for  their  ^tassMeatioB* 
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(0)  Smmmars  <^  JPalaoatoloffical  Contideration*. 

The  tonowing  table  will  giye  in  a  oooTenient  smngemeat  tha  oihief  reiQlte  of 

the  forego'u.t,' ii  iufirks,  at  least  as  tliey  oan  bo  nxprcssfd  by  figawa}  the  left-hand 
part  contains  tlic  ahsoluto  number  of  species  contained  in  each  grotip,  and  tbo  first 
column  cuutaim  the  total  of  Pelcoypoda  and  Qostropoda,  while  in  the  second  and 
thbd  one,  eaob  olan  is  oonddend  aepaiately.  Id  adding  up  the  fignm  it  vfll  be 
■eon  that  iu  the  first  and  second  columns  tbo  total  number  ef  169  and  82  exceeds 
tbat  of  actual  Duinber,  viz.^  167  and  8U  by  two.  This  is  aooounted  for  by  the  two 
■pedM  Xmeina  neMqnanmta  and  JCwhmi  pagana  being  counted  twioe,  onoe  among 
the  Gallic,  and  tlin  scoood  time  among  the  Pacific  types. 

The  right-hand  part  contains  the  percentage  each  of  the  six  groups  contributes 
towatds  the  composition  of  the  fauna,  la  the  first  column  the  total  of  Polccypoda 
and  Qaatnpoda  it  {^Ten,  in  tbe  aaoond  and  third  each  daaa  aepaiatdy. 
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Though  thetafigoM  an*  in  thcmialTea  insiructiye  enongfa.  their  ralue  irill 

be  better  realized  from  the  following  diagram  in  which  the  per  cents,  have  been  en- 
tered bom  the  bottom  to  the  top,  while  the  gronpa  are  represented  from  leii  to  right. 
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Tbe  first  envTo  rpprcsonts  that  of  the  total  of  Pelecypruia  nml  Gastropoda  (I),  the 
aeooud  and  tliird  one  that  of  tho  Peleoypoda  (II),  and  Gastropoda  (lU)  separately. 


Fie.  1. 

N.a.  p. a.  N. a.  p.%,  n.B. 

^■iZSd  wd«-if  3h  !lda:«^ 


I.        II.  m; 
Tbe  "  curve  of  composiiioa  "  as  it  may  beoallad  is  very  iastractire.  We  see  at  the 
flnt  glance  tbe  great  differmoe  tbat  cacfata  in  the  oompoiitioii  of  tbe  Gartiopode 

and  Peleoypoda  by  the  difTeient  sliapo  of  the  curve  ;  we  also  notice  that  this  dilTcr- 
mce  is  solely  caused  by  tbe  compositioa  o£  tbe  palwogaae  species,  rnpre&onted  by 
the  left  part  <rf  the  earre.  while  the  right  pa«t  irhioh  lepfeMnti  the  neogene  spedee,  ia 
veiy  aimilar  in  both  cl  isses,  thu»  iudicating  a  thj  aimihw  eompositioin  of  tbe  neo* 
gdoe  ola«s  of  Pektrypoda  and  Gastrojioda, 

It'  we  compare  tbe  curves  of  tbe  Telecjpoda  and  Gastropoda,  witb  that  expressed 
bj  the  total  of  both  daasea*  the  atriking  limilaiitj  between  thia  curve  and  that 

eftlie  Peleoypoda  is  evident.  The  rL"lr<?y[K>cla  havo  therefore  impres5c<l  their  iitamp 
on  the  curve,  notmthstanding  that  Polccypoda  and  Gastropoda  are  represented  by 
almost  equal  numbers  (80  and  87)«  the  latter  being  eTen  slightly  in  excess. 

We  have  now  to  inquire  what  leaaon  caused  this  difference.  As  already  stated 
the  composition  of  tlie  pakeogcuo  species  accounts  for  it,  and  the  reason  is  clearly 
Tisihle :  it  is  tbe  small  number  o£  Gallic  and  tbe  large  number  o£  Pacitic  types.  Tbe 
Peleoypoda  having  thtuinfluenoed  tbe  carve  of  compoeition,  we  must  endeovoor  to 
ascertain  the  nature  of  this  influence,  which  I  thiuk  can  be  found  in  tlie  rapidly 
chnni^inc?  character  of  the  Petccypoda,  while  tbe  Gastropoda  represented  a  more 
stable  olemeui,  subject  to  a  far  smaller  degree  of  alteration. 

TUa  view  ia  folly  aopported  by  flgufes;  out  of  s  total  of  80  apeeiea  of 
Pelceypoda,  not  more  than  7  or  8"75  per  cent.,  or  if  wo  add  to  this  the  number  of 
mutatios  with  7,  14i  or  17*5  per  cent.,  can  bo  considered  as  identical  witb  living 
apeoies.  In  a  strange  contrast  stands  tlie  large  figure  of  thoae  wbieb  are  not 
ahsolatcly  identical  with  living  species ;  this  group  is  composed  of  the  palaogene 
spccie^i,  tiie  evolutionary  species  and  the  small  numl)er  of  the  sub-identical  species 
represented  by  Qari  yrotokittgi,  Gari  kingi  and  Oari  deuterokingit  aggregating 
to  68  or  88'6  per  cent. 

If  wc  examine  the  Gastropoda  we  aee  that  21  species  or  2115  per  cent,  nf 
tho  total  are  identical  witb  living  speeUe,  while  the  remainder  of  63  spocics  or 
73*26  per  cent  is  represented  by  the  non-identioal  apedes. 

Yt)t  dicse  fii;ure%  do  not  quite  reveal  the  true  facta,  wbiehiieaiiown,  if  we  take 
tbe  Pacillo  and  evolutionary  apeoies  together,  as  tbe  fonner  oan  certainly  be 
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oonsideied  ai  a  modification  of  the  latter,  in  being  rop resented  by  living  species,  tUougli 
ooonniag  outside  the  IndiaB  Ocetn,  and  then  oompaie  FalmTpoda  and  Gastropoda. 

The  number  of  Peleoypoda  is  31  Of  88' 75  per  amti,iriiilethe  same  group  is  only 
represented  by  8  Gastropoda  or  9*20  per  cent.  If  vro  compare  with  \h(mo  fienn  s  tbe 
number  of  species  identical  with  living  ones,  viz.,  1J>  or  17'0  per  cent,  of  Felecjpoda 
and  SI  BpemoB  or  24rl6  par  cent,  of  Oastropoda,  the  oonfeaat  heoomea  erideut. 
"We  pan  tberefore  witb  a  great  amount  of  probability  assume,  that  'while  the  Gastro- 
poda remained  fairly  stable,  tbe  Felecypoda  were  subject  to  great  changes ;  a 
laige  nvmber  died  out,  a  good  nnmiber  migimted  into  foreign  seas,  being  diffeientlj 
aflheted  and  modified  during  this  prooeaa,  a  HnaU  number  gradually  cvulved  new 
characters,  a  still  smaller  number  producini;  now  sperie?,  wliile  only  a  few  did  not 
change  and  persisted  in  an  unaltered  state  from  the  Miocene  to  recent  times. 

Ia  the  next  table  I  have  atill  move  snmmariied  the  reralti  hf  adding  together 
the  different  trrfiups  composing  tbe  imlri  fi^ene  and  noogene  si'l-cIos.  Tbis  table 
would  thus  re|uresent  thoee  species  hich  would  formerly  have  been  summarily 
called  "extinct**  and  "  recent  "  specirs,  and  these  fignree  iroald  baTO  to  be  nsed 
when  determining  the  age  of  the  series  by  means  of  Lyell's  rule. 

The  first  part  of  tbe  table  contains  tbt-  actuil  number  of  species,  the  second 
tbe  per  cunts.,  Felecypoda  and  Gastropoda  being  again  considered  separately. 


I»  tn  gntti 

Toial. 

ur 
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70«Ji 

TOrll^t 
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as 

MMIJt 

ToTU. 

1S7 

60 

87 

... 

Tliese  flfiiiros  jivc  the  very  intercstiner  result  that  wbatever  their  composition 
may  he,  tbe  total  of  tbe  palseogenc  and  neogene  species  is  represented  in  both  the 
Felecypoda  and  Oastropoda  by  the  same  proportion,  vit.,  70  per  cent. :  SO  per  oenl 
This  hamonj  of  figures  seems  to  prow  that  whatever  cause  may  have  influenced 
certain  eroiips  of  fithrr  Felecypoda  or  Gastropoda,  both  classes  taken  as  a  whole 
stand  in  the  same  rolation  to  the  present  fauna  of  the  Indian  Ocean  by  containing 
80  par  cent,  of  spodea  whioh  an  more  or  kaa  the  sam^  as  speoiea  inhalNting  tUa 
segion  nowadi^. 

{J))  Vertical  J)i»tributio»  of  Ihe  Different  Groupt  of  Falaogene  and  Heogene 

SjMCica. 

In  the  fallowing  tablea  the  Tcrtical  diatribntion  of  the  different  grenps  d 
foaaOs  has  been  s^ivcn,  and  the  rrsnlts  of  this inTeatij^ation  are  fs]^rfssej  by  lust 
three  tables,  the  first  of  which  gives  tbe  abadote  number  of  species,  the  second  the 
per  cents.,  and  the  third  the  nombec  and  per  oenta.  of  the  polieogeae  and  neogeue 
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species,  all  tables  giviog  the  sum  of  Peleoypoda  and  Gastropoda,  because  a  dirisioa 
into  both  daaan  doM  not  tipfBtr  to  gira  anj  new  ratults. 
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In  tin  lammaiy  tables  the  somes  of  Anoploiherium  birmanieum,  J)io»e 
dMmUt  OardUa  ijidammrmvt,  Ogrmi  wmtfMti  and  tiuw  speoiea,  tbo  Irariion  of 
vldoh  is  unknown,  hare  boon  omitted  for  obvious  leaMmB.  In  tbo  four  first- 
named  horizons  t'lo  nmuber  of  Pelecypoda  and  Gastropoda  is  too  small  to  be  of  any 
practical  valucj  and  tbuse  speoies  of  which  the  horizon  is  not  known,  of  course 
flannofc  mne  into  conrfitoation,  tiMnagh  mow  of  41m  moik  tntanatfng  tpsdM  oom* 
under  this  ^oup.  For  the  same  reason  the  gioap  oC  qpeolBi  not  fllliwiftnfl  hM  teen 
omitted  among  the  palnogene  species. 

Ilumgfa  the  first  table  gives  the  aetoal  flgnree,  the  lAlonnatioa  they  contain  is 
not  made  so  evident  as  in  the  following  tolile  where  tho  per  cents,  are  given. 

By  the  help  of  these  fi^ares  some  exceed inijly  interestin!^  results  are  obtained. 
Tiie  lowest  fossiliferous  horizon,  that  of  Gytherea  eryeimt,  appears  to  be  very 
ahneinnri, if  thoie foarila that  hara bean  examineJ  ty  me feelly  reproont  itsfrana; 
their  nmnbeT  being  however  very  small,  atri^regating  to  15  only,  not  including  species 
which  have  ooij  generically  been  determined.  It  is  therefore  qoite  piobable  that 
if  man  ezienrive  colleotions  will  be  made,  that  is  to  say,  if  tlie  fnnm  ia  mora 
completely  known,  the  figures  wiU  be  different.  It  seems  rather  stiaage  that  this 
Ibssiliferoua  horiion  should  not  contain  any  indigenous  typos  at  all,  a  group  which 
in  all  the  other  horizons  is  represented  by  one^\iarter  to  over  one-thiid  of  the  total 
Canna.  Thia  feet  alone  is  soffldent  to  nake  tiie  figoies  appear  nilier  donbtfol, 
and  it  is  the  more  emphasized  by  tlio  neogone  being  greatly  in  excess  of  the 
palseogene  speoies :  tho  percentage  is  69'98V«  of  the  former  and  39-99%  of  the  latter 
m  60%  and  40^  in  rotuid  figures,  wliile  in  all  ollwr  Iiociions  the  propostion  ia 
M'M^/o  of  neqgene  and  60-70%  palaeogene  speoies.  Bat  the  flgnies  may  not  be 
quite  80  wrong  after  all,  a  view  which  flrv]^  Rome  support  in  tho  compwition 
of  the  fauna  of  the  zone  of  Meiocardia  melaculgarU.  Having  oo  Hoc  ted 
the  spedmene  myadf,  I  oan  oonfldentfy  say  ISiat  I  got  «a  eochanitiTe  a  ooIleBtkm 
as  could  be  made ;  yet  the  fauna  of  this  horizon,  which  is  one  of  the  youngest 
known,  contains  the  largest  peroentage  of  pakeogene  species,  the  proportion  of 
palieogene  to  nsogene  species  being  80%  to  207o-  In  this  instance  the  small  number 
of  wpetSta  eaanot  account  for  this  anomaly,  because  the  sonee  of  Arieta  hmmrma 
and  Pholat  orientalia  from  which  the  same  number  of  species  have  boon  dcscrilied, 
exhibit  a  perfectly  different  proportion  of  palseogene  and  neogone  species,  which 
in  botil  instanees  approadiee  olaaaty  (lie  aTeiege  one,  though  both  hare,  as  we 
see  from  the  diagram  on  page  7S,  a  very  different  curra  of  variation. 

Tlic  probaljility,  th.it  indopendcnt  of  thoir  vertical  position,  certain  horizons 
contain  a  peculiar  fauna,  tho  character  of  which  is  demonstrated  by  an  *'"AmalCTM 
oompositian,  oannot  be  denied*  and  has  to  some  extent  been  fnmtallei  by  the 
fsmarkablc  short  vortical  range  meat  of  the  qpeidea  bsrab  Ibii  tetnre  feqniieib 
bowever,  further  eTamination. 

If  theiefoiveb  cmlnde  the  boiimn  of  Ofiitrm  tfrytfjea,  thoM  remain  eight 
aone^  the  analysis  of  the  fanna  of  vhioh  is  of  grant  intensi 

The  group  of  indigenout  types  varies  considerably  as  it  ranges  from  24-507„ 
in  the  zone  of  Farallelipipedum  proiotortwtum  to  42*0^/0  in  the  zone  of  M^tUu* 
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mieob«riou»,  yet  it  is  quite  certain  th&t  if  the  former  is  not  ono  of  the  oldest 
hOBKm  known,  it  is  oertainly  much  older  than  the  latter.  The  zone  of  Fhola$ 
ori«MU$,  which,  though  its  exact  position  ia  not  known,  is  probably  olonfyidatei  to 
thn  zone  oi  Aricia  humerosa  {sy^i  before,  pa^n  19)  exhibits  almost  the  same  percentage 
of  indigenoua  species,  while  the  zone  of  Meiocardia  meiavulgariM  containing  40°/,  of 
indigcBOosapenlfiaataniloin  »oimilar»elationtott*t<<Jfy|gitf«<da5ai<(ww.  Theother 
hoodsons  call  for  no  special  remark,  the  percentage  being  very  doso  to  the  average. 

The  group  of  Oallie  types  ahows  in  genoal  a  rery  small  fluct nation,  but 
eioeeds  in  all  cases  the  average  percentage,  except  in  the  zones  of  Meiocardia 
mHatalgMrk  and  Mytiltu  ii<0oteriOM  wbew  it  bUB,  partioiikidj  in  the  kMt 
loitance,  considerably  below  the  average. 

The  horizons  from  upper  and  lower  Burma,  if  considered  together,  show 
a  fertnn  of  pnaKaor  untorast,  wUdt  makea  it  partioolarly  legretiaible  thai  tke 
Mquencc  in  lown  Banna  is  not  known  with  sufficient  correctness. 

It  appears  that  in  upper  Biuma  the  percentacre  of  Gallic  types  flerrcaaes 
from  the  older  to  the  younger  beds,  as  will  be  seen  from  the  following  liguios,  in 
flfliMWiMliin  flriflf  i— 

Zone  of  JUytiliu  nicoMeM         .  »4fL 
Zona  of  MrioeatdU  tuUmUgmi    .  iei»<l<7, 
Zm  of  CmmMmm  mtrUmum     .  U*ft8°/- 
ZoM  «(  PtnvMM  ttmlHt      .  M>8V« 

On  iliB  other  hand»if  weonmineihe  Hme  flgosaa  in  the  «der  of  Mqaenoe 

•B  adopted,  it  appears  that  the  perecnt'xrrn  increases  from  the  lower  to  the  upper 
horixons.  I  am  unable  to  account  for  this  anomaly  imless  it  be  that  the  position 
attrlbnted  to  the  Kama  eky  by  Mr.  Theobald  (see  pi^  18)  is  enooeoai,  and  that 
tiie  Kama  clay  instead  of  being  at  the  top  of  ihc  st'ction  is  really  at  the  bottom- 
It  is  u.sole8s  to  speciilate  any  farther  on  this  problem  which  will  only  be  S(dTed 
by  actual  observation. 

The  groap  of  Paeifie  types  exhibits  apparsBkty  the  greatest  fluotoatuns, 
and  its  range  is  Lii^r  than  any  of  tbe  trronpa  here  distinguished,  as  it  rises 
as  tiigb  up  as  33'337o  in  the  zone  of  £kolat  orientali$t  wliile  it  sinks  to 
WHfl^  in  the  fone  <rf  (AMMsHeria  NMrMmmo.  This  state  nay  be  &irly 
saiia^itied  from  what  has  been  said  above  about  this  group.  It  is  chiefiy 
oomposod  of  Pelecypoda  (80%)!  and  as  this  class  is  apparently  in  a  very  unstable 
state  it  can  be  expected  that  in  the  different  horieons  it  is  represented  by  a 
varying  mnnber  of  apeoies. 

The  small  group  of  M&iiUmmtam  ijypea  wbfadioooaiaonly  in  two  horiaons* 
calls  for  no  further  remark. 

If  we  now  sommarize  thssa  xesnKs,  wMoh  has  been  done  in  table  on  page  79, 
va  Bse  that  notwithstanding  the  oonsiderBble  difFcronoe  exhibited  by  the  different 
groups  in  the  above  nine  horizons,  the  total  of  the  paliaeogene  species  exhibit* 
a  comparatively  small  range  of  vanatiou  in  lire  horizons,  whore  it  fluctuates 
betfmea  64-S6*/e  and 74-887o ;  the  Hmea  of  AfkU  kimmw  and  Xgtihn  niciAarieu$ 
hare  a  rather  low  percentage  with  61*44%  and  BV^!^  respectively,  while  the 
toad  of  MeioeartUa  metaou^arU  has  an  abnormally  high  peroentage  with  80%. 

If  ve  wnr  torn  to  the  neogone  speoies,  wt  see  that  the  first  group,  the 
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identical  species,  eztibits  c:^reat  fluotuati<ms;  in  the  seme  'of  MyMut  nioobariem 
a  is  highest  with  22  1  and  in  the  sone  of  JMee&rdht  m$luomtg<ui$,  which 
is  only  200  feet  lowor,  it  leaohos  with  8  00%  its  mudmnm  and  xim  again  i& 
the  still  older  zone  of  Faracyathu»  caeruleui  to  1  l  O"/^- 

The  group  of  sub'iduntical  species  is  subject  to  the  same  fluctuations,  but 
H  appMM  that  a  Mrt  of  oompennting  iaflnenee  nalna  itwlf  evident  in  eaoii 
a  way,  that  in  whatever  horizon  the  number  of  identical  species  is  small  the 
numbear  of  sub-identical  speciea  ie  high  and  viee  verta.  The  sum  of  both  gcoups 
is  fheMfore  almost  die  same  in  each  boriion  or  at  least  sdbject  to  a  mnoih  smalleor 
range  of  fluctuatian  tiutt  notioed  inanjof  thBoiliBrgnmpet  aa  oaa  bei 
the  folhviring  figures : — 

Zone  of  .4rieia  iumeroia 
Zu»e  of  Pkol*t  orie»taHt 
Zone  of  Parcilhliptpeduni  or^f  'lif/BOWiw 
Zone  of  Area  tieotaldi  .        .  > 
Zone  of  Faroeyalktit  eacruleut  , 
Zune  of  Caitceltaria  marti»ia»a  • 
Zone  uf  iteioeardta  wutmm^garii 
Zone  «rf  Mftiliu  wmAmmm  . 

"Wo  SCO  that  only  the  two  zones  of  Meiocardia  tnetaculgaria  and  Area 

theobaldi  exhibit  a  larger  deviation,  the  former  being  in  defect,  the  other  in  excess, 

yet  tlie  sone  dt  Jbieoardia  w^tmUgmrit  ia  nnqneattoiiaUj  mneh  jonngef  ttian 

ti  nt  r  r  Area  /Aeo&aI<I^  ]Movided  ot  eomietibat  the  poeitian  of  tin  Kama  dif  as 

a&sumod  is  corrects 

The  group  of  the  erolationaiy  speoiei  oaDi  for  no  epeobl  leuaifa,  enept 
that  the  fireqnency  of  such  species  seems  independent  of  the  geological  horizon. 

The  irroup  of  sjxicios  not  classified  can  of  course  not  bi>  (li8e\issc<l,  because  if 
better  pre6ur%'cd  the  species  it  contains  would  uumc  imder  any  of  the  other 
three  groups. 

If  wn  enter  tlu;  fifrures  of  the  table  on  page  75  in  a  diacrram,  arranged  in 
the  same  way  as  that  on  page  OQ,  some  mote  interesting  facts  are  exhibited  which  an 
not  dunm  1^  the  mere  figures. 


28 -SS"/,, 

30-1187, 
88-007o 
26l87o 
20-007, 
26-4117. 
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V.  Zom  of  Area  tieoiaUi. 

Yh  StMof  Paraejatim  tatntmu. 
Tilt  SsM  gf  CmMmri*  martimiamm. 
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If  wo  asnin  omit  tbo  diacrnm  of  tlio  zono  of  Cytherca  erycim  as  likely  to  b« 
erroneouB,  it  will  at  onoo  bo  socu  tiiat  tiie  remaining  eight  can  bo  arranged  into  two 
dMinot  graiqpib  Hum  lisving  « ttnngty  toxHuA  bilging  oat  of  tlu  right  hand 
part  of  the  enrre,  and  those  in  which  ttis  jut  it  almoiiflati 

To  flie  iint  group  belong  :— 

1.  The  sone  of  fkolut  erimiMt, 

8.  The  sone  of  Paralleliptptdmm  pnlttarlmtMm, 

a.  Tiu  waat  of  Ittieeariimmtiafitttark, 

4.  Tlw  MM  <l  Jl^filH  WMtWMMk 

To  ihe  NOoBd  gionp  hdoog 

1.  The  I'.jjc  c-f  Jriria  ivmentm, 

5.  The  £ooe  of  Jrea  tketMdi, 

4.  The  zone  of  Canctllaria  mariiniana. 

Now  if  we  compare  these  diagzama  with  those  on  page  00,  wo  aee  that  the  first 
group  is  similar  to  the  omme  of  oompo&ition  shown  by  the  Feleoypoda,  and  the 
■econd  one  to  that  cf  the  Gastropoda.  We  may  therefore  oonclnde  tiiat  in  the  fliat 
diasframs  a  \&r^  number  of  Pacific  types  of  Pclccypoda  occur,  which  an-  alisi  rit 
in  the  second  group  of  diagraois ;  it  is  unneoesBaiy  to  prove  this  by  figures  as  a 
refennoe  to  ih«  Bita  Noa.  1  to  8  on  pagea  68  to  78  wiU  Axm  the  ooneotaeH  of 
this  statement. 

The  most  important  fact  is,  however,  thu  proof  that  the  compc$itionof  the  fauna 
it  eniktljf  independent  of  U»  geological  pontUm;  there  can  be  no  more  diHercut 
eorres  of  composition  than  those  of  the  fone  of  ParalUUpipednm  pratettrfnoum 
and  Area  iheobaldi,  and  yet  it  is  very  probable  that  both  horizons  arc  separated 
only  by  a  small  thickness  of  beds.  The  same  applies  to  the  zones  of  lieiooordia 
mduwltgvrtt  and  MfHIm  nfaoSarisM. 

In  conclusion  I  hare  in  the  following  table  giwi  the  total  penwtttage  of  each 
of  the  pakeogene  and  neogene  species. 
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It  will  be  seen  that,  in  every  case  the  percentage  of  palaeogene  species  is 
considerably  in  excess  of  that  of  the  ncogcne  spociea,  by  being  generally  about 
daaUB  the  mtulbet  of  the  neogene  ones,  but  in  a  knr  imtanoes  three,  even  fow 
time's  this  number.  It  will  thus  be  seen  that  the  proportion  of  palnpo^ene  and 
neogene  species  yariea  a  good  deal  in  the  diileient  horizons,  the  zone  of  faralleli- 
pipeim  proMorttMim  tsdiSMiSag  th^  ilgans(8ee  paged?). 

We  may  further  conclude  from  tliis  table  that  the  proportion  of  "extinct"  to 
"  recent "  species,  to  use  this  term,  is  rather  an  uncertain  factor  when  solely  used 
for  the  determination  of  age.  According  to  this  principle,  the  zone  of  HeioomrdUm 
wrtawlggffa  eontaining  the  smallest  nomber  d  reoent  specie^  ought  to  be  the 
eldest,  and  the  zone  of  Area  theobaldi  coTitainiri»  the  largest  number  of  the 
nme  class,  the  youngeeti  yet  if  one  fact  i^  certain  it  is  that  the  zone  of  Area 
iheoMH  iwuib  older  than  that  of  MHeturUn  mHawagairU,  We  aniTs 
therefore  at  the  important  result  thnt  un^^H  «u/>por/«d  by  ttraligrajMnmt  obterv 
atioiu,  tke  Ly9tt'De$ha}i9»*  nde  for  tueertaMiig  ike  oge  <ff  TerHMt$  k»d»  ft 
9/  problenu^  valut  (see  also  pogei  OS  to  06). 

Eren  if  we  were  to  add  the  number  of  Facifio  Igrpes  to  that  of  the  neogene 
species,  in  order  to  brins^  the  figures  more  in  harmony  witli  those  of  Dcshayes^ 
their  value  would  bo  a  very  uncertain  one,  as  seen  from  the  following  table : — 


The  older  beds  wodd  aeoording  to  theie  figaiea  oontain  a  larger  percentage 
of  "  rocent "  species  than  the  geologically  younger  ones,  and  if  any  conclnaions  were 
drawn  from  the  fauna  of  a  single  horizon,  for  instance^  that  of  twaU^pifttimm 
prololoriuotum,  they  would  certainly  be  misleading. 

We  may  snnunarice  the  aborefSaots  In  tJie  following  way :  The  I^feS^Besihayea' 
rule  for  determination  of  tlie  aQ:e  of  Tertiary  beds  holds  good  only  when  an  average 
figure  for  a  la^r  series  has  been  obtainedj  provided  it  is  supported  by  strati- 
graphical  obMmtkna. 


PereetUoge  of  NeogtBi  viSiM  +  typet} 

1.  Zone  ef  dtieU  iwmtnu  ....  49-^7, 

%.ZMinAfMnottentalU          .      .       .  ft8-8S7o 

i.  ZowtA  PaTttUtllipip(dwmpnMartmmm    .  hVlb^f^ 

*,Zan»Qldn»litoMJi     ....  60-767^ 

5.  Zontof  PmH!f»MM«nr*/m    .      •      .  54-8D7o 

6.  Zone  of  Cancdlaria  martinutna          «       .  45"827o 

7.  Zooa  of  MmcATdia  mttMidgatu       .       .  4S-007« 

8.  8oa*«{jry«i|uiiiM(M<fM  . 


*  n*«**«f  <)|ya(rM«rrciiMb*iBg«aitttd. 
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4i— BiQuxiaiiGAL  Am  Bajhtmwjmo  Chaii&cteb  ov  tbb  Tadita  o»  «bb  Twive* 

YOUNGIAV  AND  PaOHBIAH. 

(^)  C««VMr»MMi  wilA  <Ae  Jlmaa  ^  tie  Mioce»e  qf  Jmo  mid      Qa^iam  of 
In  the  deMriptiT6  port  908  speoiM  hare  been  detaniibed  vUeh  lepnwDttbe 
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Tlic  Tertcbrnta,  exclusiro  of  foot  tpeoies  of  SqualidaOk  llftve  10  far  only  bMn 
found  in  the  Proweian  while  the  remainder  of  the  fanna  occurs  in  tho  Yenang* 
foumgiant  and  it  ia  ciiiefiy  this  fauna  on  which  tre  can  base  cunciujuuns  having 
ft  «artain  amoant  of  pibbaUlity. 

From  these  fic^aros  it  can  he  s(»on  that  the  Pelocypoda  and  Gastropnrla  occur 
in  auoh  numbers  that  the  other  classes  almost  completely  disappear.  The  charaoter 
of  the  famui  is  fhefefon  elAtiBj  moolcled  hj  ihs  Pobojpodt  Hi  QMtropoda. 

The  small  number  of  Anthozoa  and  Echinoidea  ia  T«aj  semMlnUA*  lha 
(h^iam  of  Siad  baa  jialdod  aecording  to  Danoaa  and  Sladaii— 

Anthozina       •       <       ■  M  ipMiMi 
BflhiooMn    •      •      •  ST  n 

The  l^Mone  of  Java  has  jiMaA '  according  to  Martin— 

AathMM  .      .      .    M  neeiw  <»  ir'SX\^i„i^  . 
Bahboidta       .      .    W     „  ■   j.|,jj|«lloW  fcooa. 

Unfortunately  the  fauna  of  the  Omjian  ia  to  littfe  known  that  the  number 

of  Anthozoa  and  Echiuoidoo  cannot  be  expressed  in  per  cents,  in  order     allow  for  a 
better  comparison  vnih.  the  same  figures  obtained  for  the  fauna  of  tho  Yenang* 
f9»i»9tm»  andfliBlfiooeneof  JaTa^Tetloanooolldeiiti^fl^rfhatihepeiQeDt^ 
the  total  fauna  is  not  cxprossfd  hy  such  a  low  figure   as  olitained  for  the 
Yfnurngfoungian,  though  it  may  perhaps  be  higher  than  that  from  Java. 

Tben  are  only  two  ways  of  aoooonfliig  for  this  aoaroity  of  Anthoaoa  and 
BchkuMfa  in  the  Yenangyoungian.  Either  the  horizon  in  which  these  classes  occur 
more  frequently  has  not  been  disc-overed  yet,  or  if  not  restricted  to  a  certain  horizon 
the  Yenanjfoungiaif  as  a  whole  \s  developed  in  a  faoios  which  is  not  favourable  to 
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the  existence  of  such  large  numbers  of  AhUumoa  and  Eohinoides  as  ooouiriog  in 
Java  andWettern  India. 

We  ahall  presently  see  tbiitibian  we  nn  cral  circumstanon  inlarour  of  the  fint 
view.  Professor  Martin  ennmomtos  a  rninihiT  of  specie-*,  among  which  fheirc  arc 
several  Anthozoa  and  Ecliiuoidca  from  the  Miocene  of  Java,  as  common  to  the 
G*Jim  in  Wntan  India.  Ntmg  cC  thew  speoiM  ham  lieen  fbmid  in  fiuma. 
and  the  jjroliahility  that  they  nepwmts  horiiaii,  wMiciliilpwwnt  Iw not  been  faniid, 
is  by  no  means  smaU. 

OnfheotherhaiiddwijMoryof  ftdiiFereatfMlal  derdopnMiit  eannot  be  pat 
aside  without  further  oomidoration.  We  shall  presently  aeo  that  the  character  of 
tho  fauna  of  the  Yennngyontujinn  is  distinctly  littoml,  no  coral  ro<>f  having  been 
disouvered  yet ;  on  the  other  hand  it  seems  almost  certain  that  the  majority  of  the 
Anthosoa  and  Bohinddea  from  Western  India  eame  from  ooral  reefs,  while  the  same 
probably  applies  also  to  Jara  (Wd*  KonUenkalke  Ifutin,  Tartitaaliiohteu  aof  Java. 
General  part,  page  4). 

We  may  perhaps  combine  both  views,  and  soppon  Chat  tlie  equivalent  of  the 
tower  part  of  the  Fegu  Division  which  is  reprostmtcd  by  the  unfossilifenai  Frtmabm 
contains  in  .T;ivri  and  Wostwni  India  coral  reefs.  Tliis  th.'on^  is,  liowcver,  not  sup- 
ported by  palux)ntological  eviduuce,  biXJause  some  of  the  ajHicies  which  Martin  men- 
tions in  additum  t»  the  Anthoioa  and  Eehineidea  oeeor  in  BelocbiBtaa  aoooiding  to 
my  own  observations  high  up  in  the  series  of  tlie  Gajian.  We  shall  sec  further  on 
that  another  observation,  Mr.  Theobald's  find  of  a  Pteudodiadema  $pee.  in  the  upper 
part  of  the  Pegu  group,  renders  the  theory  that  the  Fromeian  is  the  estuarine  faoies 
of  iha  mariiie  **  Kocalknkaike  "  of  Java  and  the  lower  Oajian  of  Western  India  veiy 
impwlbablc.  This  is,  however,  a  point  on  which  it  is  useless  to  •<iM  oiilato  any  further, 
aa  it  ean  only  be  solvod  by  future  researches  in  the  field,  the  direction  which  these 
meanbai  will  have  to  take  being  okaily  indkated  \if  the  above  aq^unenti. 

The  foUowing  table  gives  a  comparison  of  the  f aima  of  tha  Ymiamnmtgkm  and 
ba  niioeau  of  Java*  in  per  oenta.  of  the  total  nmnber 
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It.  will  be  seen  from  these  figurt»,  that  thoui^h  (litfcring;  somewhat  in  detail,  the 
Miocene  from  Java  shows  Uie  greatest  uiiuilarity  with  the  YenangpoungiaOf  by  the 
gfMtpiepondenaieeof  «lie  Pdeeypod*  lad  Gaatropodft.  la  the  Ynm^fonitglM 
the  perocntas^c  of  Pelooypoda  and  Ga$troi)od»ig  M'^pv  Mni,  ythSHo  in  Jtm  It  it 
aliglitty  anudlari  beuig  76*18  f«r  oeat  onijr. 

fli»  difhraDOM  flamut  dually  in  the  greater  percentage  of  AnthoKW. 
TtnhinmAna,  the  presence  of  Brachiopoda  and  Cephalopoda,  all  of  which  apnk  in 
favour  of  a  coral  roef  facies;  while  in  the  Mioccuo  of  Burma  the  oociirnmce  of 
nuuomalia  indioates  perhaps  an  eatuarine  horizoo.  A  similar  horizon  lias,  howeTer« 
beaii  labseqnentlj  diiooTiied  in  Jmn} 

(B)  The  Batkymetrie  Ohaneter  of  the  Fauna  of  the  JenangyoiMgimm, 
The  rerticiil  distribution,  in  ooimeotion  with  the  character  of  the  fannBn  pfom 
that  two  difFeran.t  faoies  are  represented  in  tlie  Yemmg^oungian,  viz.  :— 

A  imnly  BMrine  fuiti^ 

(j)  An  eiituanne  faries, 

•nd  if  any  conclusions  are  to  bo  drawn  with  regard  to  the  bathymetric  conditions 
'under  which  the  Yenamgffouagion  has  been  deposited*  the  two  facics  have  to  be 
wpuRtely  oontidiBNd, 

(a)  The  marine  fneies. 
It  appears  that  the  marine  focins  has  formed  under  two  different  conditions,  viz., 
a  ahallow  water  faoiee  characterised  by  Os^reo^eds,  and  a  facies  probably  do^iOiiited 
in  •  depth  not  ewMding  25  nutte.* 

(aa)  Thb  M&hsa/m  WATiB  VAcns. 

Unfortonatelr  no  aotoal  olmirvnlionB  an  available  irith  icigMd  to  die 
lenoe  of  this  faoies ;  we  even  do  not  know  the  position  it  holds  in  the  aequonce  of  the 
scries.  Tn  lower  Burma  it  is  apparently  represented  by  Oi^rAi-beds,  chiefly  compawd 
of  Ottrea  peguftuit,  spec  nor.,  and  Oitrea  promentiB,  spec.  nor.  Most  probably 
ihew  OtIrHhbtiB  (wmtainwd  no  other  tpeeiai  except  the  large  Pealem  proioteiuttoHue, 

spec.  nov.  Nothing  Is  known  ahfmf  the  vertical  position  of  these  h(_^s  ;  we  even  do  not 
know  whether  the  two  species  characterise  different  horizons  or  not,  yet  it  seems  rory 
piobaUe  to  me  that  th^y  ooeor  abone  the  aone  of  drtm  tiMiboUU,  indioating  the 
ohaDgB  wliich  is  gradually  proparing  towards  the  top  ol  tiie  TenangyoHugian.  Thu 
occurrence  of  this  faoies  in  upper  Burma  has  not  been  pfOTod  yet;  it  is  oertainJ|y 
absent  in  all  the  sections  I  examined. 

(46)  TuK  LITTORAl  TACIES. 

Strata  belonging  to  this  facius  appear  to  constitute  the  laigor  portion  of  the 
Temangyoungiam  in  lorn  and  upper  Burma,  and  it  ii  ehkfly  thie  fiidei  wliieh  «oin- 
taine  the  lioh  loesfllitooae  bonson. 

•  Jbftt^ltalklivgni  nf  Jm%  m*  'M. 

■n«»nfflMkMMiBMMt«avi««81.BthU«Oidlb«fatak«koii^«Ui4i«  mptm  iuttmrnulamtem, 
Am  Wic  at  imnt  M  mMmm  to  iHM  te  HdriiMS. 

XS 
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The  fauna  ezhibita,  boweror,  a  peculiarity ;  with  the  exoeptioa  of  Pfrula 
jmgUUuh  Ffraia  Aimrplala  and  Pjfrala  p$e»dobueephala  all  the  tpeaias  gmiriiMd 
are  of  small  size  showing  a  delicate  onuuuentatkm.  Strang  Mrlrait  ipeoios  are  entirely 
absent.  A  further  charaotfristic  foatiire  is  the  frequency  of  sin?le  corals  like  Citato- 
troohut  alcoekianut,  spec,  uov.,  Faracyathut  eaeruieui.  Dun.,  or  o£  genera  like 
29miml«,  L«da  or  JhntaHtm  and  BmdUna  which  gesurallyoocor  in  deep  vatar.  On 
the  other  hand  this  olemont  nf  the  deeper  regiffiM  ia  tilOif  aoonfeanetad  lij  gaooea 
whidx  habitually  frequent  the  shallow  water. 

If  wc  go  through  the  lirti  of  fnMili  aa  gtren  on  pages  20  to  80  ne  lae  that 
whatever  speciea  ooour,  theiro  are  alwaya  MOM  gOMaa  which  do  not  go  beyond  25 
metre  in  depth,  and  we  moat  thnaCaK  aaraina  that  none  o(4he  bada  warn  dapoaitad 
in  a  greater  depth. 
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The  following  table  shows  the  character  of  the  fauna  of  eaoh  horizon ;  in  the 
left-hand  part  the  aotual  flgnrai  «e  given,  in  Qui  lig'ht'hBnd.  part  the  per  Mail.  Iij 
whish  each  olau  is  repmented  in  the  total  of  the  Caona: — 
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charactez  of  the  faunas  leproaented  by  the  yarious  foesiliferous  iiorizous'  axerj 
muflih  the  aamn.  la  dl  horiiom  the  Peleoypoda  aodQartropoiBare  greatly  in  eneon 
of  tho  other  cUatoo.  It  nuiy  luippuu  that  in  Bomo  instances  the  Pdecypoda  aie 
frreatly  in  the  majority  (zono  of  Pnrallelipipedum  prototortuoium)  while  in 
others  tho  reverse  takes  place  (aone  of  Area  theobaldi),  but  if  the  two  classes  are 
added  up  tiie  total  is  much  ttie  same  in  each  horiion. 

We  can  therefore  conclude  that  all  thf  ft)ssilif<>rou8  horizons  frnm  tlic  lowest  of 
the  sone  of  Oytherea  erpeina  up  to  the  highest  of  Mjftiliu  nioobarieiu  were  deposited 
under  muoh  the  same  oonditionst  in  water  whioh  did  not  exoeed  25  metre  in 
depth  on  a  eaudj  ahore.  Now  as  wc  know  that  at  least  during  the  lower  half  of  a 
series,  nnnsnrintr  about  2,6(K)  ft«et  in  thickness,  fossiliforons  Imrizoiis  of  the  same 
cliaiacter  arc  distributtHi  from  tho  bottom  to  the  top,  we  must  conclude  that  the 
Tmtmngyottngian  represented  a  period  of  perhaps  rapid  subsidenoe.  nda  theoiy  folly 
aoooonts  for  the  quiok  dhaage  Indtoiited  hy  tiw  diflSemntlj  oampoiBd  fituoaa  of 
the  anooeeding  horiMoa. 

(6)  The  Esdinrine  faciei. 
As  far  as  I  knowi  this  faoios  is  only  developed  in  upper  Burma,  and  unknown 
in  lower  Burma,  hut  this  does  not  prove  Hi  non-exiitenoe.  The  brackish  faoiea  ia 

oharacterised  by  unfossiliferous  b(>ds  containing  gypsum;  only  liero  and  there 
Ct/rcMa-beds  occur  in  ]Kitclifs  in  \v'ln<'h  Cyrena  /x'^roZ'"*,  Noetl.,  and  Cvrfiia  cmw- 
furdi,  >i'ootl.,  are  found  by  the  thousands.    The  zone  of  Cardita  tj»iiamnre»$ii  from 
Binga  repreaenls  probabV  elw  this  fadea,  though  tiiia  ia  not  quite  certain. 

This  facies  must  have  been  formed  uinlcr  similar  coi.dilioits  as  pieTail  at 
pneaent  in  the  large  estuarioes  of  the  Qanges,  Brahmaputra  or  Inawaddi. 

(0)  Jh9  SaihfmetHo  Ckaraettmf^  Awm  tfthe  Fromehm. 

Only  one  fosailiferoiaa  horiwin  has  so  far  been  discovcrod  in  tlio  Promeian,  tho 
eone  of  AnopMherium  birmanieim,  spec  nov.,  which  has  been  discovered  150  feet 
trom  the  top  of  the  Promeian  in  the  Yonangyoung  oil-fieUL  The  oompoaition  of 
its  fauna  is  very  peeoliar  and  completely  diflws  from  any  of  the  faunas  known  from 
the  T«a«i9yowi|r<n>>  M  ean  he  aeen  frain  the 
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Takir?  it  as  a  whole  we  hare  a  mixture  of  pnrrly  marine  organisms  with 
terrestric  animals  leprasented  hy  the  mammalia.  The  marino  species  are  exactly 
the  same  as  Xbtm  ooonrring  in  the  ymuigsr  sanflB,  thus  proring  their  dose  palseonto- 
logical  connoction,  hut  tbo  mamiiialiu  reprc-ent  an  ahsolutoly  foroii^  olomrtnt. 
Most  of  the  species  are  represented  hy  fragments  of  bones  only,  some  of  them 
idOfld  floid  •wmt,  bnt  oAsn  hm  ezeeodingly  well  preserved,  hardly  abowing  any 
■igna  of  trear  and  tear.  Now,  bow  are  wo  to  aooount  for  ttua  tenestrio  eloment 
among  a  fanna  whioli  ooold  not  hare  poasil^jr  exiated  in  any  but  pore  marine 
water  ? 

Hie  easiest  explanatioB  is  of  oomae  to  attribute  an  estuatine  origin  to  the  beds 

in  whirh  this  Zone  occurs,  assuming  tliat  the  fragments  of  flie  teirc^tric  animals 
were  carried  out  to  sea  by  rivers.  Hie  character  of  the  invertebiata  i»,  however, 
decidedly  against  anoh  a  theoiy.   Corals  cannot  exist  anywhere  in  brackish  water. 

Nowliioha*  haa  shown  that  far  from  the  ooast  at  great  depths  tenestxio 
plants  and  fragments  of  torrostric  animal*  have  hwn  found  hy  the  Challeng(!r  expedi- 
tion and  others.  Terrestrio  remains  can  therefore  al»o  occur  in  purely  marine  sodi- 
ineiila,  not  only  bi  tlioae  of  ertoarine  or  flmdatile  origin.  Wiamnatfhenfloradaima 
marino  origin  for  the  zone  of  Apophtitfnm  birtumieum  and  probably  one  of  deep 
water  into  which  tho  t<'rrcRtric  remains  w«'ro  nocidontally  deposited. 

M  hetUer  a  similar  composed  fauua  occurs  in  the  lower  beds  of  the  Promeia» 
remains  to  he  aeon,  the  sections  from  the  bore  holes  in  upper  Burma  having  so  far 
proved  nnftxailifBKias,  and  no  ohaeVvatioDs  regarding  fossilifcrotis  hi^ls  fmm  the 
■ariiea  below  lb.  Huobald's  Cptkenm  proiMMit'heA  are  known  from  lower  Borma. 
One  faoti  howwer^  NOUinB  oertain,  the  tranapoiit  of  tsnestrks  iwnafTia  oeaaed  with 
the  termination  d  the  Promeian. 

I  think  that  the  zone  of  Atwplotherium  hirmanicvm,  which  conclurlos  the  Pro- 
meian,  ahready  foreshadows  by  its  marine  organisms  the  conditions  n  hich  we  meet  in 
the  Tentmnomfta*,  yet  at  the  same  time  indioatee  the  oonditiMts  which  prevailed 
daring  thodeposit  of  the  PromctVi?!.  So  far  we  know  very  little  almut  these  condi- 
tioos,  hut  the  occurrence  of  coal  seams  and  petroliferous  beds  shoe's  that  the  Pronuian 
waa  probably  tmuA  la  in  laAmif  eatoarine  into  which  rivers  brought  a  great 
foant^ir  of  TagetaUlio  and  ammalio  remahu. 

fi.— GoMPAmBOor  ov  thb  Favva.  ov  ns  Pmv  Drruaxa  msa  raa  PainrA  ov 

THB  MiOCBNE  TN  EUROPE,  OF  THB  FaTJNA  OF  THE  IXDIAX  OOIAIT,  IBB 
QaJIAN  Of  WSSTB&N  IlOUA,  AND  THJl  MlOOBK£  QTt  JaVA. 

(J)  The  Jbue  YimmnmiigUm, 
(a)  GoKMUMnr  wm  thi  Miocfnc  Fattn- a  of  EuBora  aim  iu  lamra.  or 

THK  Indian  Ocean. 

The  detendnation  of  the  fauna  soon  proved  that  there  was  not  a  single  apeoiea 

*  Xim  Jkhtb.  fttr  Mia.  (hoL  and  Fetnf.  188S  fidkge,  Uui  U,  ftgu,  m—m. 
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in  oommon  with  the  Pliocene  of  Euroixi.  There  exists  a  certain  relationship  with 
the  fauna  o£  (he  European  Eocene,  which  has  already  been  discussed,  but  though 
meh  »  onmwtim  ii  vndflniabljr  exisdng*  no  qieeim  ore  actually  in  common. 
We  may  therefore  conoludc  th  \t  durinc;  the  Miaceno  period  the  ladUui  pRfTinoe 
of  the  ocean  was  already  well  separated  from  that  of  Europe. 

A  rimikr  oonbliuioii  bM  aln^jr  1mm  snhred  at  by  FMlnaor  Jfartin' vith 
regui  to  tlie  fossils  from  the  MiooBiiaot  fan,  who  jnved  tbot  itiham  not  a 
species  with  the  Miocene  of  Europe. 

On  the  other  band,  the  fauna  of  the  Yenangifouttgian  bears  a  close  relationship 
to  the  pnMDt  fiuma  of  tlie  Indian  Oeaan ;  80  par  cent,  of  tho  Bpeoies  deaoribed  avo 
either  identical  orso  cIos«ly  related  to  livin;?  species,  that  tlii-y  miijhthe  ronsidenxl  as 
identical  with  species  inhabiting  at  present  the  Indian  Ocean  in  sereral  instanrcs, 
a^rgregating  to  15-12  per  coat.  the  total  nnmbor  of  Felocypoda  and  Gastropoda, 
the  Miocene  ap^Ksies  oouldbe  proved  to  be  the  direot  ancestors  of  species  inhabiting 
the  Indian  Ocean.  If  we  assume  that  a  part  of  the  fauna  of  the  Indian  Ocean  has 
directly  desoeadod  from  the  Miocene  fauna  of  India  and  Burma,  this  theoiy  is  well 
aupporled  by  6ofa. 

Professor  Martin  has  corae  to  tho  same  conclnsion  with  regard  to  tlie  fauna 
of  the  Miooene  of  Java.  On  page  39,  Qenoral  part,  of  the  Tertukrschichten  auf  JaTa 
he  trritea ;  "ao  data  dor  Chanuster  der  nuootnon  Haona  Jaraa  meht  nnr  ndt  dem  der 
indopaciiischcn  Qbereinstimmt,  sondem  speoiell  die  nichste  Verwandtschaft  zur 
Fauna  de-sjcnisen  iloerea  zeisrt,  welchea  noch  heuto  die  KiLste  .lavas  umspiilt."  Now 
it  will  be  admitted  that  if  two  diilerent  authors  at  diifcrcnt  times  and  by  different 
iraja  aiilTe  at  the  aame  naoH  wHh  ragaid  to  the  tonoia  of  a  eeortain  period,  sueii 
Mtnlt  is  very  possibly  correct. 

Wo  may  therefore  say,  that  at  least  a  part  of  the  present  faiuia  of  the  Indian 
Ocean  bears  an  ardudo  cihaiaetar,  and  is  diieetly  derired  from  tho  Miocene  fauna 
ooonxring  in  India,  Burmai  Sumatra  and  Java. 

On  the  other  hand,  a  theorj-,  which  I  think  was  first  promulgated  by  Jenkins ' 
and  which  has  since  been  accepted  in  all  manuals,  assumes  that  the  fauna  of  the 
BniopeaalOoBmiaoloadf  idaled  to  the  faana  of  the  Indian  Ocean.  Inthelight 
of  the  researches  with  r^ard  to  the  fauna  of  the  TenaHgyoungiaH  it  is  not  easy  to 
reconcile  both  theoika  if  we  keep  in  mind  that  the  Tetuntj/goutigian  has  not  a  sini^Ic 
species  in  t^tmmm  with  the  Earopean  liiooane.  It  might  be  argued  that  if  tho  fauna 
of  the  Envopeon  HBooane  ia  elosefy  related  to  that  of  the  Indian  Oeean,  we  ahould 
necessarily  expect  European  Miocene  species  amonij  the  fnuna  of  t!ie  Yettangyoung- 
ian,  because  this  faima  bears  unquestionably  the  strongest  relationship  with  the 
fauna  of  the  Indian  Oeean.  Vo  aneh  qiecieB  har^  however,  been  found,  bnt 
how  is  then  the  relationship  of  the  Xnropeen  itioceno  fauna  and  that  of 
the  Indian  Ocean  to  be  explained  ?  I  think  tho  following  theory  of 
accounting  for  suuh  a  rolaliuuslup  without  interfering   with  the  view  that 

>  TiaftoliniQgm  aaf  Jm,  ftgt  ISA. 

•        4m.  (C  Otd.  ho.         Ua4  Td.  ZX,  rmi. « 
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•t  least  part  of  the  fituaa  of  the  Indian  Ocean  u  an  indigenom  one,  will  wire  the 
dijllim%.  aereal  obMcrattonatBiid  to  piwe  that  the  prownt  fatma  <rf  the  ladUai 

Ocean  contains  a  fonign  elenunt,  which  is  apparently  not  repreeented  in  the  fauna 
of  the  local  ^fiocrao.  The  exammation  of  the  Miocene  species  of  the  genus  Oitre* 
has  unquetitiunably  proved  that  none  of  Uieni  Las  the  slightest  relationship  with  thoee 
IMag  bi  the  Inffiaa  Oeean ;  fn  ftwt  iheee  ^eeiee  wgmut  >  difliBieB*  danent  irMcit 
lUllll  Hfinoiiwrnj  hare  migrated  to  its  present  habitat  from  somewhere  else,  and  I 
tUnk  diflie  Instanoea  will  increase  once  the  MjooeoM  frana  of  India  k  better  known. 

On  the  otter  hand  we  boo  (page  54)  HhaA  the  fknna  of  ^ba  Ytnangyovn^km  bean 
a  remarkable  rdationship  to  the  fauna  of  the  Eocene  of  France,  which  can  only  be 
explained  by  a  migration  from  west  towards  east  wliich  proLably  Leg'an  with  the 
Eooene  time.  I  have  farther  proved  that  there  is  a  great  deal  of  evidence  to  show 
fhst  a  finite  iDigntion  of  apedes  took  plaee  ainM  flM  time  fnoni  Bmiiia 

towards  the  Pacific  rcL^ion  (pas:e  GO).  Xoiv  if  wo  suppose  that  this  migration  continued 
doling  the  Miocene  time  from  Europe  toward*  Indiat  the  fauna  of  the  European 
IGoeeaie  mold  itaiid  in  the  tame  Nlatton  to  the  fsuni  of  the  Indian  Ooeauj  as  the 
&ona  of  the  Uiooena  el  Bnutma  etanda  to  tlia  leeent  laiDiia  of  Clun^  Japan  and 
Philippines. 

This  view  will  perhaps  bo  best  illuBtrated  by  the  following  diagram  :— 


■OMM  . 

Let  A  fop resent  any  number  of  species  occnrring  in  the  Eocene  of  Europe; 
during  the  migration  towards  east,  this  group  became  modified  and  is  represented 
ly  apeoieB  A'  in  the  IGoeene  of  India-Banna  and  I17  tiie  alill  ftirther  nwdifled 
spf^iira  A'  amon;^  the  n-cent  fauna  of  China,  Japan,  PLilippinr";.  B  represents  any 
number  of  species  from  the  European  Miocene  which  in  the  faima  of  the  Indian 
Ooean  annpraenlad  by  ;  C  reprennts  the  nnmiber  of  apeeiee  tbe  firana  of  the 
Miocene  India-Burma  has  in  common  with  the  fauna  of  the  Indian  Ocean, 
in  other  words  its  indigenovs  element,  while  B'  represents  the  foreign  element. 
The  fauna  of  the  Indian  Ocean  is,  therefore,  represented  by  the  symbol  B'C  while 
ttatotiliBlfioeene  of  India  is  lepNaenied  by  the  i;mbcil  A'a  Tbe  celatiooa  of 
each  fauna  to  chronoI(M;icnl!y  (Mvr  and  younger  faunas  in  Western  and  Eastern 
diieotion  are  thus  olearly  expressed,  and  though  both  faonaa  are  intimately 
cwtneeted  by  Hnd  epeoiee  in  oounnon  eacb  bai  its  own  ebaiaeteiiitio  ftetime 
in  A'  and  B'  of  which  B'  cannot  {lussibly  occur  in  the  &una  A'O. 

It  is  only  by  this  theory  of  migration  from  West  to  East,  which  began  probably 
with  the  Eocene,  and  lasted  throughout  the  Miocene,  that  the  relationship  of  the 
iMUMofilM  Indian  Ooean,  botk  wifli  tile  ICoeene  of  Biinpe  and  of  BanDa>India, 
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can  be  explained  without  ibere  being  a  single  species  in  oonunon.  This  theory 
oonUcaiiijrbeTeiiflAdif  fliefMBittof  tlMBai^^  beemniiMd  iai 

dmilar  myai  tiiat  of  ths  IGoeem  ct  Buiimu 

I 

(b)  Comparuon  %oUh  the  Fanuaqfthe  OaJUm  of  Wettem  hMa. 
Tbe  lelatioodiip  of  the  finma  of  the  TMNnvybiM^iaN  irfth  that  of  the  Oajian  or 
the  Miocene  of  Western  India  remains  now  to  be  examined.  It  must,  howerer,  he 
kept  in  mind  that  with  regard  to  the  fauna  of  the  ffoj*a«  tho  results  of  such  a 
can^aRson  will  be  much  leas  conclusive,  than  thoeu  with  rugard  to  the  Miocene  of 
Jare;  its  fauna  bflbgTBiyHttielbiawii;  ind  if  at  pnaent  onty  a  small  mmiber  of 

species  can  be  proved  to  \w.  common  to  the  Tenangj/oungian  rjn<l  Oajian,  tliis  numher 
will  perhaps  bo  inorcasixl  after  the  fauna  of  the  (?<yicm  is  better  known.  On  the 
other  band,  it  is  not  very  probable  that  the  nmnber  of  tpeolei  in  oommon  irlth  the 
iliooa&e  of  Java  will  be  much  increased.  This  fauna  is  now  so  well  known  through 
the  researches  (if  I'rofessor  ilartin,  that  unless  other  fossiliff-rons  horizons  art)  dis- 
covered in  liurma  which  contain  a  larger  number  of  species  in  oommon  with  Java, 
the  TOBuIta  anhred  aily  mj  ezaminaition  ue  faiily  idfahle. 

The  following  table  cont.iins  the  species  in  common  witil  the  tkfftMg 
■howing  at  the  same  time  their  geological  occurrence  in  Burma. 
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Conndering  the  limited  rertioal  range  the  fouik  hare  in  Burma*  we  may 
from  the  above  list,  QuA  all  the  main  familiteaDS  koriioiia  as  obserrod 
In  Banna  aro  also  repreeented  in  the  Gafian,  but  until  the  vertioal  distributioin  of  the 
fogriliferoiiH  lioriirnnfl  in  that  gvoop  i»  better  known  tiiaii  at  praHDtkit  would  be 
ladi  to  form  any  conclusions. 

A  mom  icmarlcable  featnn  ii  tin  oomporitioin  cf  fhe  aboire  fiai;  &ini^  all  ihe 
groups  distinguished  in  the  preceding  chapter  are  represented,  the  Gastropoda  are  in 
a  much  larger  number  than  the  Pelecjrpoda.  The  proportion  being  2'16  :  1,  while 
the  same  proportion  in  the  fauna  of  the  Yenangyoungian  is  1*18 : 1 ;  therefore  if 
the  tame  proportion  wore  to  exist  among  the  species  the  Yentmgjfomgian  has  in 
common  with  the  OmSiitmt  the  number  of  lelecypoda  ought  to  be  11«  iniiead  of  6  ae 
recorded. 

This  prepondeitBUoe  of  the  Chistiopoda  is  a  bot  whioh  eaanot  be  aocounted  for 
at  pNKnt.  After  I  had  noticed  it,  I  carefolfy  revised  my  determinations  in  order 
to  see  whether  I  was  wrong  or  not,  but  I  disoovered  no  reason  why  I  should  alter 
mjr  views.  It  remains  to  be  seen  whether  this  remarkable  feature  really  exists  or  is 
odl7  oa  agpoent  ooe^  beoanie  Soweiby  and  d'ArahiaedeMEibed  oo^.*in9Unmnl»er 
of  Fflkog^oda  in  inpactimi  to  the  aotnal  number  ooeuniiig. 
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(o)  Compari»o»  vitk  the  Fama  «/  the  MimteH0  ^  J»vmi 
OttOa  £ail]i(nrn«Ki(tiiB  ip«ci«  in  tammm  wiflitiie  Ifiooene  of  Ibtb 
■hoiring  at  ihe  aame  time  tfas  geologioal  ocoungaoe  in  Burma : — 
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The  above  list  contains  28  species,  tho  majority  of  wbioh  occur  in  the  xones  of 
^orallelipif.tdum  prototorluottkm  and  Area  theobaldi ;  but  we  see  that  tho  other 
boriMM  tm  abo  wpw— nioi.  Mi  if  ira  ooadidiBir  tiis  liniteil  verliflal  lai^-at  fh» 
species  as  oliservod  in  "Piinna,  which  did  not  allow  oTen  for  a  corrolation  of  the  differ- 
ent horizons  in  Burma  itaelf,  it  is  obvious  tliat  an  attempt  to  trace  in  Java  the  hori« 
KMU  distinguished  bj  me  In  BonoM  would  he  more  than  haiaidona.  AU  toe  etmtag 
49  that  taken  at  a  tckoU  tt»  Ttmu^ftmigiait  it  totrtImM  to  m  IBoMnt  JaM» 
vr  at  leatt  pari  of  it. 

It  seems  that  in  the  Miocene  of  Java  certain  beds  are  developed  which  are 
either  not  developed  in  Bnnna  or  have  not  been  dieoorered  yet  On  page  £6, 
General  part,  Tcrtiiir.  anf  TaTa,  Martin  mentiopB  the  following  qiedei  aa  Identkal 
with  species  from  the  Gajian : — 

IkniMU  MfMlaU,  Bow.  (?)  Cfii»rM  mtmttittU,  Mart.(7)  HfUiMmtkmi  ioemlcta,  Ag.(t') 
Bnihjwtma,  JL  Mot.  (Pj  0§lNm  ifttk,  Uao.  Cffftatitr  JvnMii,  Af. 

^p^.tn'a  ardtaria,  L»mk.  „     ''Vm,  Sow.  BtUuolampai  wi/ornU,  Jkg, 

Corinia  trigonolii,  Sow.  BaUmu  timiiMMtMtm,  Lio.      Breynia  magna,  Mart, 

Cliiefc'n  pi^fmtmp  On/.  ^    fliwjiilHi  Dnw.        lUnU*  fimiihtU,  Qaj. 


None  of  theae  qwofea  hare  liean  Icaoini  from  Banna  enoept  Tmrritelta  awy»|gf«, 

Sow.,  and  Balanut  tinlinnabulum,  Lin  ;  thn  exact  horizon  of  tho  former  species  is 
not  known  and  the  latter  species  has  apparently  a  wide,  vertical  and  horisontal  range ; 
PifUaeanihut  baeulota,  Ag.,  may  perhaps  be  identical  with  tho  species  here  desoiibed 
aa  Cidarit  $pee.l,  yet  the  identification- of  these  species,  with  tboaa  otnomd  in 
We^^t(  ^n  India,  is  not  beyond  any  doubt  aa  oixpnaMd  by  the  qoeiy  exoept  that  of 
Salanut  lintinHabulinn,  Lin. 

It  appears  tbenfore  fliat  in  tiie  IGooeno  of  Jmn,  a  munber  of  ipedes  oooor 
«bioh«  though  identical  with  spedes  from  Western  India,  liave  not  been  found  in 
Borma.  The  great  question  now  arises,  do  these  specice  represent  a  cortnin  lioriton 
or  not  ?  At  present  this  question  cannot  be  answered  one  way  or  tho  other  decisively ; 
yet  then  MflDi  to  be  qnito  a  distinot  Unt  as  to  tti  aolnfelon,  (acttonlariy  i^ 
consider  Martin's  list  of  species  from  Wpiatwm  TwJi*,  if t>|^b,  tbwugh  nflt  ^^^^''ti'^ri  with 
Javan  fossils,  are  closely  related  to  them. 

Among  flie  Moond  Hit  Viearfa  MmemilUt  d'AidL  and  Haimoi  is  mentioned. 
Now  this  species  occurs  in  Baluchistan,  together  with  Turritella  angulata  and 
Ostrea  /»"rj(;ua,  Sow,,  very  high  up  in  the  scries  directly  below  the  SiM  aliks,  though  the 
thickness  of  beds  in  which  these  species  occur  is  considerable.  It  is  unquestionable 
tint  fhia  boriion  ia  not  lepwoented  among  thow  I  daaoribed,  thoogh  it  ia  piobably 
lepmsented  in  lower  Burma  as  is  indicated  by  the  occurrence  of  Turritella  angulalu, 
flu  eiaot  stiatigraphioal  position  of  which  is  unfortunately  not  known.  The  greatest 
fCobabiUtfii^^iiv^iwof  tboTiewtbatdiHboibMn  oooon  above  tiie  sone  of  Arot 
Heoinidi,  aomewhore  in  the  series  called  Tka^^myo-ssvaAaUinc.  If  this  view  be 
correct,  a  part  of  Martin's  species  would  represent  betls  which  could  Le  correlated 
to  the  upper  part  of  the  YenangyounffiM  from  which  no  fossilifecous  horixuus  are 
loiown  yetfe  tlMiii^  %y  ni^  bo  diMOTind  in  fakoie. 
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Another  feature  of  Hartm'a  list  is  alao  remarkable ;  in  liis  first  liat  fire  Eohi- 
nridw  an  taeDtianBd,  Hiai  i»  tear*  ^  BbhiooideB  taake  8S7»  of  tbstotal  namber 

of  fossils  identical  wUh  tiUM&iMi  the  Ovjian.  Now  in  the  total  number  of  fosailB 
described  from  tho  TenangvovngiaH  the  Echimiidea  form  such  an  insignificant 
Bumbert  that  their  abseuce  is  one  of  tlie  m(x>t  conB]jii!uous  features.  Uufortu- 
Bftte^  nothing  fa  loam  m  to  Om  TWtiod  disiiibiiliaii  of  tiw  WohmnMw*  in  the 
Oajiiin,  and  T  am,  therefore,  not  in  the  position  to  say  wliefher  the  oociirrence  of  fho 
Echinoidea  in  the  Gajian  represents  a  faoies  not  dereloped  in  Burma,  or  forms  the 
elMuneteriatfe  festmrea  of  a  huriiOD  which  does  not  ooonr  in  Buniuk  Hmm  rism 
unj  also  refer  to  Java,  and  tin  nason  why  a  good  number  oS  the  speofaa  wbidl  tlia 
IGooenc  of  Java  Lis  in  common  with  tho  Gajian  do  not  occur  in  Burma,  may  cither 
be  the  uou-derelupment  of  the  same  facies,  or  the  non-oocoroonoe  of  the  same 
boriion* 

A  hint  to  the  solution  of  this  problem ispcrhaps  giren  by  Mr.  Theobald's  fiad  flf 
Echinoidea,  particularly  a  PteudoJiadema  tpec,  in  hods  which  he  declares  to  occur 
in  the  upper  part  of  the  Fegu  group.  If  these  are  the  same  specimens  which  are 
amonf  Ut.  Theobald'a  ooQeetion,  thej  unit  hare  been  labelled  wtan^ ;  dujaiv, 
however,  too  ill-prcscrrod  to  allow  of  any  dofinitr:  view,  yet  the  probability  tliat  this 
hcrison  represents  the  faoies  of  whicli  I  hare  been  just  spiking,  is  hj  no  means 
iDiall*  and  ill  ooemnnm  in  (be  up]>L-r  i>ait  of  the  Tenrnffyoungim  would  taSiy 
agree  with  the  opimoa  fctmed  from  the  occurronoc  of  species  like  Turritello 
angulnta  and  Vicarya  rernriiilli.  It  is  useless  to  speculate  anj  further  OH  tfaJs 
problem,  wkicli  oau  only  be  solved  by  actual  rcsoarohes. 

If  we  eminiiiift  the  compoidtian  of  the  fiiuna  the  Temmtiffmingim  has  in  oom« 
mon  with  the  Miocene  of  Java,  we  observe  almost  the  same  proportion  between 
Pelecypoda  and  Gastroiwda  as  we  Dotice<l  among  the  species  common  \rith  the  Gajian. 
The  proportion  of  Qastropoda  to  Felecypoda  is  2  07  :  1,  while  as  we  have  seen  it 
oug^ttolNBriS!!. 

The  £MJt  that  the  Qaatropoda  are  so  conndecably  in  the  majority  of  species  the 
yenangyovngian  has  in  common  with  the  Oajian  and  the  Miocene  of  Java  h  certainly 
very  remarkable.  Tho  only  explanation  I  can  offer  is  the  theory  of  the  great 
jobMigB  the  Fdoflypoda  underwent  during  tho  Hiooene  time  while  flw  Gaatnpoda 
Nnained  more  stable.  Thi»  view  would  account  for  the  amall  numhw  o£  MfwttfiJ 
Pclei^ypoda,  as  well  as  for  tho  larger  number  of  identical  Gastropoda. 

If  we  now  compare  those  species  which  were  found  to  bo  identioal  with  the  fauna 
of  tiw  Gtifitm,  witii  thoee  wbioh  am  identieal  with  the  Miooene  ftram  JaTa,  wo  find 
that  it  is  afanoitthe  same  number  which  the  Temngyoiingian  has  in  common  mth 
both  ooantrieitportioularly  if  we  take  only  the  number  of  moUnsca  in  oonsiderati(Hi. 
Whether  tins  aimiiarity  in  number  is  only  aooidental,  or  really  exists,  I  am  unable 
to  eajr.  It  might  of  course  be  expected  that  the  Miocene  of  Burma,  which  is 
about  h.'ilf  ^vny  hctwtt^n  Java  and  Western  India,  contains  a  certain  number  of  (ij)eeips 
in  common  with  either  oounti7>  yet  it  would  seem  remarkable  if  it  were  almost 
thewma. 


Digitized  by  Google 


FAUNA  OF  TUE  MIOCENE  BEDS  01'  BURMA. 


95 


ITiis  fact  seems  the  more  atranee  as  the  species  in  common  with  the  Jtiocenc  of 
Java  are  perfectly  different  from  those  in  common  with  the  Oajian.  There  saem  to 
be  oniY  ^ree  speoiflt  vbidi  the  OnJ4a»ha»  in  onmmmi  with  the  Ttmmt^UKgUm 
and  the  lOooene  of  Jst»;  ttflw  an— 

Solarium  mdTiMMI^  TUlippL 
MautUa  protottAtnalvi*,  spec.  dot. 

The  identity  of  the  two  first  named  speciea,  llioagh  undooMed  with  regard  to  the 
Oajian,  is  not  beyond  question  with  regard  ^the  Miocene  of  Jara.  I  supposed  that 
the  species  described  by  mo  as  Solarium  tMueimumt  Phil.,  is  prob&bfy  identical  with 
Sohrium  per$peetivum,  K.  Mart.,  and  BmMa  proMubtnmlm^itt  pmbabfy  with 
Sanella  junghuhni,  K.  Mart.,  but  I  cannot  stato  -with  cortninty  that  this  riow 
is  correct.  If  these  species  are  not  identical,  £ala»ut  tiHtitmibulum  would  be  the 
<aily  speoiea  wfaieh  ia  ooiusum  to  the  Oojkuit  the  Tenanfp^tt'tiM  tmi^  <he  Ubweme 
of  Java, 

We  sec  therefore  that  thoufrh  in  a  general  way  we  can  correlate  the 
'iemangyaungian  to  the  Miocene  of  Java  aud  to  the  Miocene  of  Western  India 
(flitj/tow).  yn  have  no  fomU  erideofle  wUdi  iranld  dbeoUy  peeve  the  ooneelation 
witli  t1i>^  ^Tif  KM  ne  of  Europe  ttd  in  Older  to  obtain  this  end,  we  auut  retort  to  a 
diSoreat  argumentation. 

(J)  Tie  Ftmm  tf  Me  Pnmekm, 

The  small  nTnnbeir  «f  Felecyjxxla  and  Gastropoda  hitherto  obtidned  firom  thia 
sub-division  renders  a  correlation  of  coiu%  impoBblik  partUmlady  aa  all  the  qpeeiea 
are  the  same  which  occur  in  higher  horizons. 

The  Fromeian  mqueatianaUy  leproente  tJ»  lower  Miooene  of  Bnmia,  but  I 
am  not  in  a  position  to  stat^^  in  wlifcli  part  of  the  Mioc^e  of  Java  or  the  Gajian  it 
oan  be  correlated ;  the  probability  that  it  lepresente  a  faciea  which  is  not  developed 
in  either  Java  or  WMm  India  jahgr  no  vwana  flnaB,  hot  farther  stratigiaphioal 
obawrtttiioDs  with  regacd  to  JaTaandWeitccnSdUa  are  le^uiied  heioceaiijr  deAnltp 
opinion  «an  be  giTBo. 

ft/— DiimiarASiDK  of  the  Aar.  OF  THE  TEKAKGTOTiNoiav  BT  xu  Ltiu- 

Deshaybs'  Law  op  Percentage. 

On  page  16 1  have  fixed  the  position  of  the  beds  from  which  the  fauna  described 
on  the  ffoUowing  pages  haa  heen  obtained,  aa  younger  Uian  Boeene  hnt  older  than 
Pliocene.  The  stratigraphical  probability  that,  the  Pega  Division  represents  the 
Miocene  is  therefore  very  gieat,  bat  it  must  be  oetermined  whether  thia  view  is 
also  borne  out  by  tho  elmaaatar  of  the  fanna*  that  ia  to  aaj,  wlMOar  the  peraentige 
of  apeoiflB  idantioal  iri^  noentoneeiatiw  Mane  aaAatnoogDiaad  lor  the  IGooene 
of  Europe. 

Sir  Charles  Lyell'ii  sub-divhiion  of  the  Tertiary  system  into  the  three  groups, 


96 


PAITNA  OF  THB  HIOCENB  BBDB  Of  fiUBMA. 


Eocene,  Miocene,  and  Pliocene,'  is  chiefly  based  on  the  reaearohee  of  Desbayes,  who 
«llara<winp«iion«t8»000lMtiMy  ani  BbOOO»ee>ttt«|wdla»<oiiM  javn  »  gnAnal 
increase  in  the  number  of  NoaDk  ipeeiw  frott  the  Booeoe  to  the  FUaoMM.  ThflM 
figure*,  wbicb  are  for  tbe — 


hvn  now  been  ganenlly  aooepted,  fliQngh  at  tlm  titts  tliey  did  not  nmafai 
QBohallenged.  Tbey  appear  to  answer  fairly  well  to  the  conditions  in  Europe,  bv/k 
the  great  queetion  arises :  Do  the  same  flgiuee  also  applj  to  the  Tertiaiy  ayrtem 
ontdde  the  European  Continent  ? 

A  definite  anewor  to  tbia  qoeitioii  ii  of  ooune  of  vital  inq^ortanoe,  if  m  viah  to 
apply  this  nile  to  the  Tertiary  eyitcm  ot  Bninta  and  If  wo  do  not  want  to  anetvo 
at  a  totally  wrong  conclusion. 

BeCore  entering  into  a  dMOiwiion  on  tUa  question,  it  aaeaw  to  me  of 
fnndamental  importance  to  know  the  region  fiioai  wIiIqIi  the  6,000  recent 
apaoiea  which  served  D«sliayes  as  material  for  comparison  came.  Uufortunately, 
I  amnot  able  to  form  any  opinion  on  this  very  important  subject,  but  I  think 
I  am  not  wrong  if  I  snnpoM  that  OodmyoiP  ooOeoUon  of  reeent  apeoiei  wa>  not 
aolely  composod  of  spocios  living  in  that  oeeanin  n??ion  which  in  the  nearest  to 
ibe  countries  from  wbioh  he  obtained  bia  fossil  speoiixiens,  that  is  to  say,  the 
Lnntaaian  and  Celtic  Piovinoea.  I  laHwr  beBere  tiiat  be  tUto,  and  in  a  goodly 
number  too,  compared  the  fossil  spodep  with  species  from  the  Indian  Ocean. 
If  this  view  be  correct,  the  value  of  the  above  figures  loses  considoraMy  in  im- 
portance, because  it  does  not  appear  justiOable  to  compare  the  fauna  of  a  certain 
Tertiary  aeriei  in  a  eertain  eonntiy  wifli  a  reeont  feona  oompeeed  of  olenMnts 
OoQected  all  over  the  •world.  If  the  percontn<:n  of  recent  species  is  oOMidfllMl 
ae  a  criterion,  these  species  ought  to  be  such  which  occur  in  tbe  nearest  oceanic 
inoTinoB.  Doahayes'  iigures  ought,  therefore,  to  bo  roriied  from  tbu  point  of  riew, 
and  it  may  perhapi  be  questioned  wbetber  tiiey  could  be  applied  at  aU  wbon 
dealing  with  countries  outside  Europe. 

We  have  seen  above,  page  67,  that  the  neogene  species  form  307o  of  the  total  of 
tho  moBwean  finma.  Aooording  to  Deebayea'  flgnrea  the  TitumgfOimgim  ooold 
therefore  not  be  older  than  Mio<  cno  ;  nn  the  other  hand,  tbe  species  which  I  termed 
neogeoe  are  probably  not  quite  identical  with  Dcshayes'  "  recent  "species,  inasmuch 
aa  they  only  refer  to  species  from  the  nearest  oceanic  provinces,  wbDe  Doithayes' 
"  reomt "  species  moot  ppobably  indode  a  number  of  species  which  have  at  preaent 
died  out  in  the  Lusitanian  and  Celtic  PrMvincfs.  These  spec:ies  would,  therefore,  be 
wpteaanted  in  tbe  fauna  from  Burma  by  the  group  whioh  I  termed  "  I'aoilic  types 
and  in  order  to  bring  the  figum  I  arrived  at  in  barmony  with  tboae  {A  Saabajoa* 
tbebr  nnmbw  whb  IS'tf*/,  oogbt  to  be  added  to  that  of  tho  noogono  apeeiaa.  Hm 
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species  would  thus  be  brought  to  IS' 6  7.  aooording  to  Deshayea'  flgniea 
ira  fatdto  omddnr  the  TtMngfMMgtam  w  PUo0«m. 

The  results  obtained  if  solely  the  perceata^je  of  "  recent  "  species  is  taken 
into  consideration  are  tborofore  widely  diiferent;  if  we  compare  the  fauna  of 
the  Yeaangyoungian  with  the  fauDB  of  the  Indian  Ooean  only,  a  Miocene  age 
wmld  Im  dednoed*  but  if  oompored  irtth  fhe  fiknna  of  the  Indian  Ooean  and  tho 
Western  part  of  the  Pacific,  a  Pliocene  ago  would  result.  But  one  view  only  can 
be  correct,  and  it  remains  to  be  seen  which  of  the  two  has  the  greatest  probability* 
lij  Qonridering  the  aiirBtignpliioBl  flmditions. 

We  have  seen  above,  pages  4  and  38,  that  there  is  the  greatest  probability  of  an 
unconformity  between  the  Yenangyotuigian  and  the  Jrrawaddi  series,  that  there* 
foie^  disregarding  any  other  characters,  it  would  1m  imponible  to  consider  both 
as  pttis  €f  one  and  the  same  miei.  Ift  would  go  igaioife  enty  obMmtfam, 
if  we  were  to  consider  the  Yenangyoungian  as  the  lower  part  of  the  Trraimddl 
series.  If  one  fact  is  certain,  it  is  that  there  exists  a  great  difference  between 
tbe  JrrmBaidi  weim  and  tlia  YeimifffomiigiM,  Now  ttia  also  alnuMt  eertdii' 
that  the  ImuMMi  series  reprownti  the  PUoceme ;  and  if  aooording  to  the  higher 
figure  of  percentage,  the  Yetianfftfoungtan  had  to  be  considered  as  Pliocene,  it 
would  necessarily  represent  the  lower  Pliocene  while  tho  Jrrawaddi  series  would 
repnasnt  the  appar  Pliooaoe^  an  aanmptlM  wfaioih  wouU  naan  a  abal^tiaphieal  loi- 
possibility.  This  view,  of  sepwating  tbe  Yenangyoungian  from  the  Promeian  and 
uluting  it  with  the  Irrawodit  aeries,  or  to  consider  the  whole  of  the  £e0u  Din- 
riooas  &e  hmor  part  of  the  irrowMiifs' aefiBa,  would  he  ao  direetily  in  oppoaC- 
tion  to  the  natural  sub-division  of  the  Tertiary  system  in  Burma  that  it  would  be 
absurd  to  adopt  it  solely  on  the  strength  of  figures  of  very  problematical  value. 

Notwithstanding  the  high  peroeutage  of  "recent"  species  in  the  meaning  of 
Deahajea,  of  48^  V»    ^  ■^■^^  meaning  of  neogane  epedea  wiUi 

80  "/oi  we  cannot  attribute  any  other  but  Miocene  age  to  the  Yenangi/oungian,  and 
have  therefore  to  consider  the  YeHanggomgiau  as  upper  and  tbe  Promeian  aa 
lower  Miocene.  InYensly  we  ean  ooadTide  that  in  India  and  Bnnna  the  Mioenne 
haa  a  higher  percentage  of  neogene  or  recent  species  than  in  Europe. 

8noh  a  view  was,  if  I  am  not  mistaken,  first  hinted  at  by  Jenkins  '  \vith 
regard  to  the  Miocene  of  Java,  and  Professor  Martin '  has  come  from  a  purely 
Iqrpothetioal  point  of  ^w  to  the  ume  oondndon,  wUoh  he  ezpveaaea  in  the 
fallowing  words  :  "  dass  bei  relativ  gleiohaltrigen  Scliichten  Indien's  einerseiti 
Eniopas  anderseits,  wir  eisen  bei  Weitem  hoberen  Frocentaatz  reoenier  Arten  im 
indischen  Tertiftr  antreffen  wnden,  als  un  europmisohen ;  and  swar  mvM  der  Untev> 
•oUBd  giBMrwerden,  je  Jflngev  die  Sehidttaa  rind,  velolie  glriehKitig  Uar  wie 
dort  abgosotzt  wurden." 

The  average  percentage  of  mollusoa,  and  only  these  dosses  should  be  taken 
into  ooaiideratian>  whan  eompated  with  Scahajea'  flgntea,  whieh  IkofeHor  Hartia 
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states  the  Miocene  of  Jara  has  hi  common  with  the  Indka  Ooean  is  3S'b°l^  but  he 
thiflln  that  for  ▼arioosTCUonstiibpenmtage  ought  to  be  bigfaer.oj^^  507a.  though 
sppunllj  obtained  by  a  somewhat  different  reasoning,  Professor  Martin's  figures 
agree  so  vrcU  v,-ith  those  obtain nd  hy  mc,  that  the  similarity  is  really  striking. 
I  calculated  tho  nuiubcr  of  neogene  spocica  to  be  30%  of  the  total,  but  when  the 
Vladlle  tjpes  ai«  indoded,  this  figoie  liMt  to 

Similar  figures,  obtained  by  difTon-nt  rmtliors  at  dilTprent  timp'?,  mnst  cer- 
tainly possess  a  great  degree  of  probability,  and  we  can  therefore  oooolude  that 
Deshayea'  figam  do  not  hold  good  fur  Um  Tbrtiary  syateu  in  tMpint  eoantrfn. 
A  new  itandaid  win  havo  to  be  establiilwd,  and  for  the  MiooesM  of  India,  BamM 
and  Java,  We  may  assume  that  the  proportion  is  SO"  ',  of  neoi^ene  species  or 
about  A0^/«  when  aU  recent  species,  irrespectire  of  their  present  habitat  arc  included. 

7.— flmnuBiT. 

The  mtdn  fiwta  amred  at  in  flie  fotegaiag  di^pim  can  Welly  be  mmnaiiied 

as  follows  :— 

(1)  The  vertical  laage  of  iho  fonili  b  a  very  ihoit  one;  only  16  specka 
occurring  in  more  than  loiir  horiaon^  the  Taat  majority  being  wUiated  to  one  or 

two  horizons  only. 

(2)  The  fauna  is  composed  of  two  classes  of  types,  which  may  be  called 
PolmogeM  and  Neogent  spedes,  the  fomer  represanting  all  suoh  vfaioh  have  bo 
connection  with  speeies  occurring  at  present  in  the  Indian  Ocean,  the  latter  having 
relatives  among  that  fauna.  If  only  the  mollosoa  are  considered,  the  £alaoge»e 
tpooies  repceieat  70*/o)  the  Ntogeut  speoies  SO^/g. 

(3)  The  Toiaogene  species  are  composed  of  four  different  groups,  vU^  lodf- 
genous  types  36  2  / ,  GaUic  types,  IS'R"/^  fa«ifiotype%  18*6 and Hoditermwaa 
iypea^  Vi'lo  of  the  tulal  moUuscau  fauns. 

(4)  The  J9Sray«M  ^eoiai  are  eompoaed  ot  fhiee  difCerent  geonin,  tk^  ideatioil 
species,  11-1- /„.  sub-identioal  spedes,  ll*A7a»  eraifaitloiMiy  ipeelM^  d'87«  of  Oetotd 
moUuscan  f:iuua. 

(5)  I  he  percentage  of  each  of  these  seven  groups  vttdm  enuiderably  in  the 
fanna  of  the  different  horizons,  but  if  taken  as  the  whole  of  FtXmtgtM  and lfe9geit§ 

species  it  remains  fairly  constAnt  tliroughout  the  series. 

(6)  The  fauna  is  almost  exclusively  composed  of  Feleoypoda  and  Gastropoda, 
amouating  to  80^  7«  ^  ^       ^  known  ipedes. 

(7)  The  fuiina  of  the  Teiiangyoungian  is  purely  marine  and  indicates  a  littoral 
fMjifli,  probably  not  existing  in  a  greater  depth  than  26  metre.  Looally  it  is. 


(8)  The  fanna  of  the  PromHm  «Mi»wM  ^  oozieaa  mixture  of  marine  and 
terrestrio  animals  towaxde  ite  togt  bol  the  Frmtitm  ae  a  whole  ie  most  probably  of 

Estuarine  origin. 

(9)  There  Is  not  a  tingle  apeoiea  in  oomman  with  the  ICioone  of  Bnrope^ 

(10)  Thefinmaof  the  reMMffow^a  oontaiaa  SO  spedet,  amet  ef  whkk  are 
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Gastropoda,  in  oommon  with  the  Oajiam  of  Wei  tern  India,  though  thii  %ura  it 
probably  smaller  than  its  true  amoant. 

(11)  The  Inuut  ol  tiie  YmfMiffimigian  contaiai  97  vpmett  moat  <rf  -wtiidi  in 

Gastropodn,  in  common  with  the  3[ionciio  of  Java. 

(12)  Except  perhapa  one  or  two,  none  of  these  4i7  species  ranges  from  Java  to 

(IS)  Hmn  are  indioatioDS  that  the  Miocene  of  Java  and  t  he  Gajian  of  Western 
India  have  a  common  ooralline  bciaa  which  is  either  not  dereioped  in  Banna  or 
has  not  been  disooTorod  yet. 

(14)  The  Desbayes-Lyell  flgona  for  Che  determination  of  the  a;;c  of  the  Tertiary 
hcds  do  not  apply  for  India-Burma,  the  Enures  bcinj  moM  dccidnilly  liigber  and  are 
for  the  Miocene  30  %  of  recent  speoies  still  occurring  in  the  same  region,  or 
6D  7,  if  tiiow  eztiook  among  the  bma»  of  ibo  Radian  Ooeaa  bat  otwocriag  ebewhere ' 
ia  ft  fBoent  state  are  included  (Neogene  +  Pacific  +  Mediten-anean  typf^s). 

(15)  A  migration  of  species  from  West  towards  East  commenced  with  the 
Eocene,  and  lasted  up  to  quite  recent  timss.  This  migration  accounts  for  the  relation' 
■hip  the  Ikdm  the  Ya—iijfomi^fais  shows  on  one  side  with  the  Eocene  of  Vranee 
and  on  the  other  with  the  recent  fauna  of  tbo  "NTastcrn  PaciQc.  It  also  aeennnts 
for  the  relationship  of  the  fauna  of  the  Miocene  of  Europe  with  that  of  the  Indian 
Oeean.  JenMni'  l^pothaiia  has  haea  oonflfmed,  but  the  xesntts  anived  at  bom 
the  exandoatioa  of  the  faima  Ytiumfgom^km  ace  in  diwet  oppontion  to  Sempera* 
theory. 

(16)  It  seems  that  the  Feleo^poda  chiefly  represented  the  migratory  element, 
while  the  Gastvopoda  lamnned  nune  atationaEy. 

(17)  The  fauna  of  the  Mioconc  of  Burma  contains  30  %  ^eoiea  whidl  ace 
dixeot  ancestors  of  such  living  at  present  in  the  Indian  Ocean. 

(18)  The  bvoa  of  the  Indian  Ooean,  thoogh  in  part  daacended  from  the  looal 
Uiooene  fauna,  oontania  a  foreign,  probably  Baiopean*  element  of  Miocene  origin. 

(19)  The  Tcnangyou'tgian  mnst  bo  considered  as  equivalent  to  the  Miocnuo  of 
Europe,  though  its  peicentago  o£  recent  species  is  ooosiderably  higher  than  that  of 
the  moeeoe  of  Barope  and  eorceipoads  ahoot  fo  thai  oi  the  Bnropeaa  lUooeoe. 

(20)  The  history  of  tho  Miocfno  of  Burma  whicli  has  been  lerealed  by  gnmp- 
ing  the  observations  and  facts  can  be  sketched  a'>  follows : 

During  the  Eocene  period  a  shallow  sea  existed  in  Burma;  this  sea  was 
gradually  filled  up  by  the  detritna  of  lacge  cifan,  wfaieh  also  oanied  a  large 
qnaatl^  ol  tegctabilic  and  animal  matter  BpaTcirds;  the  latter  gave  birth  to  the 
coal  seams  and  petroleum  deposits  we  now  find  in  the  Fromeiaa,  lowanls  the  end 
of  the  J'romeian  a  probably  rapid  subaidenoe  took  plao^  whudi  was  not  perhaps 
wiilMNtt  inflMUoe  on  the  pnifioaaty  deposited  strata.  A  marine  fauna  made  its 
appearance,  yet  the  transport  of  tcrrestrio  remains  did  not  quite  stop,  hut  it  finally 
ceases  with  the  termination  of  the  JPromeiant  and  a  shallow  sea  in  which  a  rich 
fkuna  thiiTai  ataada  all  over  Bnmia.  But  it  is  an  aiea  of  aabsidenee ;  a  fauna 
«zi8la  onlly  for  •  duvt  tSma  aft  a  esilaiB  pbae;  it  aoon.dics  ont  and  ii  nplaoad 
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another  fauna,  which  hardly  has  any  species  in  common  wilb  the  older  one. 
ContemporaQeooaly  with  these  marine  beda,eatuariae  deposits  wero  formed  probably 
indicating  the  montti  eff  luge  riven*  Hbt  firanst  «■  a  whole,  was  in  »  ctate  of 
transfonnatioii  by  ifUflh  ihe  PdMTpodA  we  chiefly  affeoted ;  toiwaids  the  end 
of  the  Yenangyoungkut  pfobftltlj  an  inonasrd  influx  of  sweet  wnter  took  place. 
The  marine  fauna  diaai^Main;  ata  few  kealitios  it  still  survives  in  the  shape  of 
«y»t«r  Iwnki,  bat  theie  diaappear  toOk  and  eataarina  beds  appaiwUy  oonotode  the 
lUooene  throughout  Burma.  Wo  cannot  exaotly  itata  whra  tbk  period  terminated; 
because  it  is  evident  that  at  least  in  upper  Burma  part  of  it  has  been  eroded.  After 
the  termination  of  the  Miooeneb  a  large  part  of  the  Temuiggoungian  was  denuded, 
pnTfooB  to  the  dopoatt  of  Uiafc  tbiI  thloknew  of  ttntta,  kuma  aa  Siwaliln  in  India 

or  Irratoacldi  scries  in  Burma. 

We  are  unable  to  say  what  became  of  the  marine  fauna  during  the  dopodt  of 
flw  IrfWMddi  series,  beeaase  no  marina  eqaifalants  of  fhls  series  aw  known.  We 
can,  howerer,  positively  say*  that  while  the  remarkable  terrestrio  fauna  oontained 
in  these  beds  mado  Us  appearance,  lived,  died  out  and  was  replaced  by  a  perfectly 
different  one,  the  marine  fauna  underwent  a  small  change  only ;  some  of  its  types 
died  out,  ottisn  nigcatad  in  Bsstvn  diisfltioa,  while  a  foreign  elemanteoadDgfioin 
West  filled  up  their  jilaccs,  bnt  a  OQBSiderable  percentage  of  species  persisted  and 
the  desoendants  still  live  in  the  same  n!giim  where  the  ancestors  are  biuied  in  th^ 
Ifiooeiie  hsda. 


t  Atnri.  OE  THB  laOOBMB  BBSS  OT  BUBUA. 
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BEBOBIPTIVB  FA&I. 

I.  COELENTERATA. 
CIaaa:ANZHOZOA. 
Snli-dMl :  HXZA0O1KALIiA«  TTawflMt 
Order :  MADEEPOBABIA,  Milne  Edwards. 
I'UDilj :  lURBlNOLlDAS,  £.  H. 
G«initi  OBBATOTBOOHU'Sk  USne  Bdwwds  and  BainOi 
OnATontooBim  aioookzakvr,  «peo.  nor.,  Fl.  I,  figs.  I,  lo,  IS. 

The  oorallum  is  simple,  £ree,  ooaioal  aad  slightly  reoarved  towards  iU  basis. 

The «aliM  it  oral^  bat  the  two  am  diffiwTOryalii^tlyia  length;  tiia  foesola  b 
bfOitl  but  not  very  deep. 

Collutnella  and  pali  not  obserrod,  though  it  is  unqaeationable  that  they  exist 

The  septa  are  rather  thin,  those  of  the  first  three  cycles  being  much  laiger  than 
Che  others,  upper  edge  sharp,  sides  corerod  with  nomeroas  fine  granulation. 

The  cosise  are  rather  strongly  developed,  simple,  coTenedvithdiaipgiannlatioai 
and  separated  by  broad  oonoave  iateroostal  incissioos. 

GmbfioafooMrrrMMw— 

Zamof  Parallelipipedum  prfltofarf ajfat,  Khml 
Zone  of  Cytherea  erycina,  Kama, 

Bemarki. — I  bare  not  been  able  to  disoorer  any  living  relative  among  the 
fauna  of  the  Indnn  Ooean,  nntliar  is  fhafo  any  dadkr  ■paaiM  knowii  fnm  the 
Mincrne  of  Weetaralldia.  It  seems,  therefore,  that  Cemtotrorhttg  alcoclinnut 
represents  an  eztinat  tjpe,  though  this  question  can  only  be  definitely  decided  when 
the  Anthoioaot  the  InManOoem  aw  bettor  lawwiu 

Genu  t  BIABEUiUH,  LewB. 
Emmwit  i»iwiiw»iii^lBlBeBdi»irJ^M.I»Jgl,l»>ibg,i><«» 

Corallnm  simple,  coneiform,  rather  short  and  much  compressed,  particularly 
towardH  the  base,  peduncle  not  observed,  lateral  ed^'ds  straight,  forming  an  angle 
of  about  60°  in  the  smaller  specimens,  while  in  the  largest  it  is  rather  over  90°' 
ASL  fh«  otMtn  rfinpH  flatlf  founded,  ntbor  itmig  aad  enaaed  b^  Utdereioped 
longitudinal  ndd  viddb  oooMpQiid  to  tho  ontot  edge  of  tko  aapiMb  shaipfy  on* 
gnTad. 
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The  calioe  is  longitudinally  elliptical,  the  longer  axis  being  in  lateral  directioas 
the  proportion  of  the  two  axes,  the  shorter  one  being  taken  1,  is  almost  1 :  3.  The 
foMdft  fa  long^  TUtnm  and  deep. 

OoIoiBfllb  in  ien»  biit  ippaMBaj  lamed  b J  dMtt, 

The  septa  arc  distinctly  bifoliate,  but  they  aro  ill  seen,  and  it  cannot  be  stated 
how  nuuiy  oycles  are  formed ;  aooording  to  Milne  Edwards  tho  septa  of  the  first  three 
oyolu  UB  of  the  aame  aise,  sad  we  must  assume  that  those  appearing  on  the  cross- 
leotkn  wproat  the  first  three  cycles,  minor  eepta  ill  seen.  The  septa  am  mtbev 
thin,  closely  set,  their  upper  edge  being  strongly  curred,  their  surface  is  curved  with 
short  spines  of  different  sizes^  arranged  rather  irregolarlj  in  rows,  approximately 
puaUel  to  tin  edgCL 

ZoDs  «f  tarallet^prdum  prototortwmttmt  Kama. 

Zone  of  Thrlnt  orientalit,  Thayetmyo* 
I  Zone  of  Ct/lberea  erycinn,  Promc. 

Itemarks. — There  seems  to  be  no  doubt  that  the  specimens  here  described  are 
identfoal  irith  KoMtom  4k\kteihm  BMnHoiMd  \ij  E.  Ibitin  fiwai  JaTk,  sipMiea 
which  ia  nuMfc  irolwUf  idantioal  vifli  jPhtonim  tmntba  Indiaii 

Ocean. 


Goana :  PAKACYATQUS,  Milne  Edwards  and  Eaima. 
PAKAorASBUi  omuMint  Dnii(Mai,FL^£gB.5«H^fl,e«» 

UN.  jPaw^yrtil'twIwi^  Pftpram,  On  til*  llnlrrponk  of  tho  MoT)^!  ArahiiwUfOh  JflHMl  (f  ttl  UgMMI 

Soe.  Zoologr,  Y(4.  XXI,  ^  5,  pi.  I.  tiVn.  10-11. 

MM.         V  a        Nottttngi  If  ioMM  Foab,  I'pper  Rnrma,  iissa.  Qeolag.  SvrMj  at  India,  V«t. 

XXTII.  PI.  1.  ^  1^  iL  I.    1.  lih  u,  U  a^  as. 

The  corallnm  is  generally  oF  small  lUeii  measuring  in  the  »T0ngiS  luudly  more 
than  10  mm.  in  height,  though  larger  spociraons  frequently  occur ;  it  is  cup-like  in 
shape  having  rather  a  broad  base  and  a  cooioal  stem  which  is  strongly  restricted 
Just  above  tibe  baae. 

Hie  walls  appear  smooth,  partlenlarly  when  ike  oosta  are  worn  off ;  the  latter 
MOTWy  narrow,  closely  sot  and  covered  with  fiiK-  crniTmlations. 

The  calioe  is  eUiptioal  in  shape,  rather  shallow,  the  lateral  axis  slightly  longer 
than  the  other  one. 

wfim  ham  fireiiieaniaflita  eydea,  {hoaaoT  tin  lint  two  bfliBgveiuideiaibljr 

larger  than  those  of  the  three  remaining  ones ;  tbey  nre  ratlior  thick,  th»>ir  nppar 
«dge  curved  and  sharp,  those  of  the  first  two  cycles  rising  oonsidarably  above  tba 
mxaA  epitbeea.  ibefe  ddea  an  sat  irith  wmimm  tne  gnmnktioos.  Nsither 

nnhini^^lla.  DCff  pali  TuUsk 
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Ccologicdl  orcurrenee, — 

Zono  of  Mytilu9  nieobaricm,  Singu. 
Zone  of  Meloeardia  mehvulgaris,  Singu. 

Zono  of  Cancellaria  martiniaiUtt  Minbo. 

Zouo  of  y/rfj  ihcohnhli,  Kama. 

Zone  of  Faralielipip'jdutu  prototortvotum,  Kama. 

Memarkt, — IlaTing  been  able  to  compare  Professor  Duncaa'a  typ«  Bpecimens* 
I  oonld  ttcf  in  my  pieviotM  meoioir  that  them  ii  not  the  aUghtort  diltaauw 

hdtwaen  the  fossil  and  recent  spociraena,  a  view  which  is  unfortunately  nnt  su[)- 
ported  by  the  %uras.  Tlie  great  difference  existing  between  figure  2a  and  tiguro 
Xb,  the  meat  and  the  fbttQ  ipeoimMni,  ii  too  glaring,  and  it  might  pimie  anybody 
why  I  identified  two  so  unmistakably  different  spociea.  This  dissimilarity  doe«» 
liowovcr,  nnt  oxist,  and  is  siiniily  duo  to  an  inexperienced  native  draftsman,  the  two 
figures  being  drawn  by  diilerent  men,  and  when  the  error  was  discovered,  it  was  too 
ktB  to  haye  it  eotnoled.  FIgaTeiliiiidl««M|lioweTer,eoniB«t;  in  figure  9i  no 
notioe  is  t;i}v<  n  of  the  difference  in  the  Btreogth  of  tho  septm,  thoie  of  the  Ist  and 
2nd  eyelc  being  made  equal  to  those  of  the  other  cycles;  on  tho  other  hand  the 
tlucluieisa  of  the  aeptffl  of  iignre  16,  but  particularly  of  figure  Ic,  has  boon  greatly 
enggentedf  m  will  be  noi  1»y  emnparina  with  fisuei  le  and  1a 

Family :  EUPaAMMID^  Milne  Edwuda  and  Haima 
Genus:  EUFSAIIUU*  ICOne  Bdwuds  and  Heine. 
Smtiiaii^  BBOAU%  Alooeik,  BL  ^  fige.  7*  7a. 

iMt.  Xmftmuri* ngau.  AWk,  Jom.  JUfcBo Bo*. ti Wm^il, TA mi, g^bt^ll»^I.T.^pl«Hfc 

inS>  ■     ffnilllni  TTInnrnnrnii.T'inni  lliiM.  "*~  "—'yi      ■jt'T'iTlh.Tiil  TTTH 

Ptl,^6,pl.I.S|l.%fa, 

Hie  coraUmn  is  simple,  free,  ova],  i^m^^im  dig^tly  eompwed. 

The  calioe  is  OTal  and  rather  deep. 

The  lepta  are  rather  thin,  closely  set  and  covared  with  very  fine  graauiationa. 

The  ooatas  are  on  flie  majority  simplei  but  Kmetfrnea  ona  or  tbe  other  oub* 
divideo  in  two  or  three  branches ;  they  are  slightly  undulating,  rabeqaal,  finely 
gfanuloee,  and  united  at  zegular  interrala  aoioaa  the  deep»  intenottal  <~<M«i«nT  by 
borixootal  spicules. 

Oeoloffical  mxmrrenoe. — 

Zone  of  ParMfgathvt  caeruleus,  Tenangyat. 

Bemarkt. — The  specimens  Mliich  have  come  under  exanunation  are  all  in  a 
more  or  loss  fragmentary  btate  ol  preservation.  I  hare,  boweTer,  oonvinoed  myself 
by  egB^BringthflmwitblfajatAkodc's^pe  ipeoiBMii  that  tte  aenlplnM  «f  the 
ooate  b  eiaot^  the  aatnaln  boili  the  liviag  aiid  foHil  ipeelBieiii. 
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II.  ECHINODERMATA, 
CkMt  EGHINOISEA. 
SldKilaN :  BUSGHINOIDBA,  iMllll. 
1.  Older:  SBGITLABBS,  Deior. 

i^mily:  CIDASID^,  Wright 
Genui:  CICARIS,  Kleiu. 

CtDABB,  speo.  It  pi.  ^  figs.  8*  8a,  9,  Oa,  10. 

A  number  of  detached  spines  have  pome  undrr  examination  which  may  prob* 
aU^  belong  to  one  and  the  same  species,  notwithstandiag  tbcir  great  Tarkbility ,  All 
hftTBone  feature  in  eommon.ihat  ii  the  diaffcia  mora  or  lew  Inflated  fn  the  region  of 
tbekmor  third,  producing  a  sabfusiform  profile ;  tbe  distal eztremiiy  la  almost  alwaya 
flaring  and  cup-shnpod.  Tlie  ornamentation  is  more  or  lessi  spinulosc  and  ahrajs 
nraoh  ttionger  on  one  side  of  tbe  shaft  than  on  the  other.  Eiga.  8,  8a  represent 
a  i|dne  of  AM  tmn.  in  length ;  the  shift  it  fnsKlonn,  dighQf  bnader  on  the 
lower  third  than  at  cither  end.  Tbe  distal  end  is  limadly  expanded,  hnt  ohli- 
^uelf  trUDcated,  and  set  frith  a  orown  of  laterally  compressed  lamellae,  which 
•w  ailongev  on  the  dde  opponte  to  that  whidh  bean  tbe  stronger  toberdes.  The 
•haft  is  set  with  tubercles  which  are  arranged  in  longitudinal,  though  somewhat 
irrcijular  rows,  their  interstices  hein^  occupied  by  very  fine  granulations.  On  one  side 
the  tubercles  are  small  and  low  near  tliu  proximal  end,  but  quicklj  assume  tbe 
ahipe  of  etfongly  ndaed,  latemllf  flcmpiiBiiod  s^nes.  On  tbe  oppoilte  side  the 
tubercles  remain  low  and  rounded  throughout  the  length  of  tlio  slL-ift. 

Figs.  9.  9a  are  36*6  mm.  in  length,  neatly  sheped  like  a  cigar*bolder,  and  con- 
siderably broader  at  the  proximal,  than  at  the  distal,  extremity.  The  distd  end  it 
bbHqnely  truncated  and  slightly  expanded;  the  cross-seotion  of  tbe  shaft  is  elliptieal 
but  Tinsymmctrical,  one  sido  beint^  stronc^er  Curved  than  the  other.  The  ornament* 
ation  consists  of  tubercles  arranged  in  longitudinal  rows ;  on  the  flatter  side  these 
tnlMNlei  aie  father  soisU  and  fematn  ao  thiovghont  the  whole  length  of  the  abaft, 
while  on  the  oppodte  aide  thejr  an  mnoli  ■tranger,  inomdng  in  atnngih  towaidi 
the  distal  eud. 

Tig.  10  ropreaeota  •  small  dnVshapod  spine  of  about  14  mm.  bi  length, 
having  a  circular  orasa*aaoti<m  and  being  much  tbickor  in  the  middle  than  at  either 
end ;  the  surface  is  smooth  and  free  of  any  tubercles,  excopt  at  the  distal 
end  which  is  truncated  and  set  with  a  crown  of  short  lamellar  tubercles. 

Ototoffhul  oeemrenee^ — 

Zone  of  J  rca  IheobalJi,  Kama. 

Zoa9  of  faraUelifiipediin  frototortuotmt  Kama. 
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Beniarka. — I  foUy  agree  with  Profesaor  DanoRn  that  it  would  be  little  more 
than  frivolity  and  guess-work  to  assign  specifio  names  to  dotaclied  spines,  knowing 
that  tbey  vary  both  ia  shape  and  character  on  diilcroat  parts  of  the  same  test;  oa 
Che  otiwr  band  ii  ii  oectala  iliat  the  aplim  hen  deMribed  hannooiBe  with  Mnne 

■pMODMna  fissured  by  Professor  Dancan;C;;.  S  i=i  ur.qnestinnalily  identical  with 
the  ipine  pi.  XLV,  &g.  25,  while  dg.  probably  represents  the  same  as  fig.  22. 
Though  tberefora  no  specifio  name  eaa  be  given,  it  Is  eertaia  fiiai  flia  tame  apeoiea 
of  Cidarii  or  PtyHoMaltM  owm'  in  the  Wootm  c£  Bniuta  and  fbs  Oajian  of 
Wertem  India. 

CiMBiRt  ape&  FL]^lig.l2»*4. 

Tho  spines  art^  of  small  size  only,  ratlier  slender,  haTiog  an  angular  cross- 
ceotion,  one  aide  being  stronger,  ourred  and  having  a  longitudinal  keel  in  the  middle^ 
wbiia  tiie  oppoute  aide  ii  il^  irithont  a  keel,  Botli  aidea  an  perfectly  unootb  and 
witfaoittennTaKy  lioegnnalationa.  Ilihe  head  ia  well  ntol^ixHiigalaiidiiotQhed. 

Oeological  oecurretice. — 

Zone  of  Area  theobaldi,  Kama* 

BMMorit.— Thoo^  I  nfnin  frooi  assigning  a  apcciAo  name  to  tlina  spines, 
it  is  quite  evident  that  they  beloagod  to  a  speoiea  perfMidj  diffarant  from  Oidarii, 
spec.  1,  and  they  may  perhaps  belong  to  the  aaniB  apeoiea  aa  flgurad  by  Frofeasor 
Duncan  on  pL  XLV,  fig  18.  '  . 

2.  Older:  IRREGUL^UIES,  Desor. 

Sob-ocder:  ONATHOSTOUATA. 
Eamiiy:  CZTFtdaTBIDJI,  Agiadt, 
Genoa:  0LTPBA8TEB,  Lamarck. 

Cltpeasier  duncaotan'cs,  spec,  nov.,  PL  I,  fig  13. 

Marginal  contour  sub-pentagonal,  the  angles  being  flatly  rounded,  much 
bmato  between  the  anterior  tlnua  between  tiM  poelerior  anglea^  the  gMOtsat 

breadth  being  just  in  front  of  the  antero-lateral  petals.  The  length  is  greater  tlian 
the  breadth,  but  owing  to  the  fragmentary  state  of  the  specimen  no  aocnrate 
measurcmenta  could  be  taken.  The  lateral  sides  are  straight  and  ooaverge  in  pos* 
teiior  dinollon,  tte  posterior  aids  beiog  apparanflf  dightly  incurved  in  the  oentra. 

The  general  form  is  flat  and  strorv^'ly  deprnssed,  the  margins  thin  and  the  abac- 
tinal  surface  sloping  from  the  very  slightly  elevated  apex  at  a  low  angle  of  deolivity. 
The  profile  line  u  very  slightly  ooneave  ud  Hba  apex  fiaebly  ocmioal. 

Apical  disc  not  observed. 

The  ambulacral  petals  extend  slightly  beyond  the  middle,  between  apex  and 
ambitus;  they  are  rather  broad*  petaloid  and  fairly  straight.  The  anterior  petal 
nppean  to  be  a  UtdB  longer,  bni  nanower  than  the  paxmd  ones.  The  poriCsEoas 
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zonos  tire  ypry  yvi^c,  but  ilightly  narrowor  than  the  interporiferoni  one,  and  the 
breadth  iQoreoses  from  the  apex  almoat  oloee  towards  the  end  when  it  saddeniy 
dflontM^  to  form  the  looniliiig  of  tlM  petal.  BoUi  ioaer  and  outer  pofes  aie  ^ 
the  same  sise,  oval  hi  shape,  the  pairs  being  united  by  a  very  faint  conjugating 
furrow.  The  oostiB  between  each  atiooeauTe  fair  are  very  low  and  apparentlj  set 
wHh  a  few  indiatinot  tabeiolfla. 

The  iBtamabnlMtal  aieaa  aie  sDhoariiiate  in  tlw  man  part  of  the  abaetinal 
Burfaoe,  their  omaDMotatiaiii  eoaatolB  apiparantlj  of  mniMRMu  amall  MnUookted 
tuberoletti 

Abaetfaulanrface,  peristome  and  peripioot  sot  obserred. 

Oeohfieal  oocunrenee. — 

Unknown  horiEOn  near  Prome. 
Bemarktr—Oaly  a  single  specimen,  in  rather  a  fragmentary  itato  of  presenr- 
•HoBykaa  eone  mdev  eiamlnatteB,  bnt  It  haa  heen  poMiUato  m^mit  tti  fbatoxBa 

suffioiontly  wf  ll  t"  prove  it  to  be  a  (liffornnt  species  f rom  tU  fliOae  Whldl  IttTO  IweO 
described  bj  Frofe»sor  Duncan  from  Western  India. 

Hie  strongly  depreawd  ahape  of  the  test  pnrraa  al  onoe  that  it  cannot  be 
related  to  highlj  eouical  apeeios  like  Ciypi a»(er  profimd»;i'  Atohi&o;  and  it 
exceeds  all  the  compressed  species  describt-d  by  tho  same  author,  by  its  size,  its 
length  baying  probably  been  not  much  under  100  mm.,  while  the  largest  specimen 
of  CljffMoafor  Mn^bmahm,  Danoaa  aod  Sladeo,  maaram  70  mm. 

A  much  more  important  feature  is,  however,  tbe  dilTerfnre  of  shape;  the 
marginal  contour  of  Clgpe€t$t€r  duMcattiawM  is  eridently  a  pentagon,  having  a  TSiy 
amall  base^  and  its  greateat  Ineadth  bet^reeD  the  two  anterior  angles.  None  of 
tbe  species  described  by  Professor  Duncan  exhibits  this  shape,  all  of  them  baving 
rather  a  broad  base.  Anotbor  pectilarity  of  Ch/peasfer  duncanianm  are  the  ambn- 
iacra;  though  very  much  in  shape  like  those  ot  Clj/peatter  eomplanatutf  Dvnui^ 
tlM{f  are  composed  of  pwifawM  Mnea,  tbe  per ea  of  irbioii  are  oral  in  abape^  a 
feature  whicli  is  most  probably  not  duo  to  weathering.  In  Clypeatter  eomplanalutt 
aa  wdl  aa  CljffieMter  depreuitt,  the  inner  porm  are  round  and  the  outer  onai  OTal. 

III.  MOLLUSCA. 
1.  Clam:  FBLEOTFODA.  Goldfnn. 
TmSljf :  oarRMID^  Lamardc 
Genua:  08TBBA* Linad. 

The  description  of  tbe  nndeem«itkBad  apeoies  maj  appear  aomewbat  peeoKar, 

because  it  differs  from  tbo  traditional  style,  by  adopting  a  different  position  of  the 
shell  which  is  in  fact  turned  over  by  80°  to  the  right;  since  Jackson '  has  proved  that 
ihe  traditional  termbuOogy  at  Odnm  b  aoft  in  bannony  with  the  position  of  the 
animal  in  tbe  dwU,  it  wonU  appear  ilkg|«a  to  atidE  to  tbe  oUtaiminbks^  X 

']ln.«C«hiBiriiiBflwQf  ]lit.aMMr,T«Lir.ni*Ct. 
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hare,  tberelore,  applied  the  terms  ventral  and  posterior  margin  to  those  part^  of  the 
■hell  lAkh  oonMpond  to  the  laipeativs  mUsof  the  aalniaL 

Four  spccirs  brive  l>een  desoiibedf  but Ihree  only  could  bo  accurately  dctorminod, 
while  the  speoi&o  iadependenoe  ot  tiie  fooith  aeema  somewhat  questionable.  These 
speciat  pan  be  dittinguiihad  u  follows : — 

A.  Botii  filvM  flovand  wHIi  ugahr  ribt. 

1.  O-itri'd  fj^,jufHiii,  spec,  no». 

B.  Lift  ralve  covered  with  roimdod  ribi,  right  valve  amootli. 

(«)  ]Ukiaoden%atMiig,  didlBotTCiyandiiBflited. 

2.  Oilrea  proinfnth,  npec.  DOT.  * 
{I)  Uibs  thick,  sbill  strongly  intkted. 

3.  OHrta  fmmrit,  apeo.  aov.  w. 

C.  Both  nlves  imooth. 

4.  0$tna  papyraeea,  spec.  dot. 

The  most  remarkable  feature  of  these  tliree  species  is,  that  none  of  them  has 
uy  living  nUiUve  among  the  pcMent  fauna  of  the  Indian  Oeeaa.  Tboagb  I  ban 

catefullv  s<  ndicd  tho  recent  ■peaiei  ill  the  collection  of  the  Indian  Museum,  not  :i 
single  one  shows  even  a  distant  relatioDBhip  with  the  species  here  described.  On  the 
Other  hand  OtffM  prom»^it,  spec.  noT.,  \m  ita  tMiKatidattw  in  (ktrem  SUmfMH* 
ana,  s.poc.  nov.,  from  the  Eocene  of  Western  India  and  0*h»a  tm^tootiata,  Des.,  or 
Oftrea  JliheUiila,  Lam.,  from  the  Eocene  of  Paris;  Oitrea  papffMt^  has  probably 
its  nearest  relative  among  the  smooth-valvod  species  of  the  Pada  Booene,  while  no 
Mlatlomdiip  wbalioefier  ooold  bediieoifend  «f  Offtwa  ptgtmUtt  epeo.  nor.,  wMeh 
most  probably  has  its  nearest  relations  in  the  Eocene  of  India. 

These  observationtseeni  to  prove  that  the  Ottreae  of  the  Miocene  of  Biuma  are 
the  Iwt  deaoendanta  of  an  old  stock,  widely  diibibufad  during  Booene  times,  and 
that  the  Oilreae  living  at  present  in  the  Indian  Ocean  represent  a  perfectly  new 
element  which  has  quite  looentlj  mignted  into  ita  pnoant  habitat  fioin  unknown 
parts  of  the  globe. 

OaiU4  nrnmam,  spec,  nov.,  ri.  IL,  figa.  i,  lo,  ^ 

'MsAsvnMninK 
Length.  Height. 

•aiMt.  HMb 

The  shell  is  irrecruhr  in  shape,  but  E!;enerully  more  or  less  orbieulnr,  Ieni?th  and 
height  being  very  much  the  same;  it  is  eztremalj  inequilateral,  but  only  slightly 
inequivalfe. 

(a)  vaZo«.— The  left  valve  is  more  or  less  orbionhur,  the  length  generally 
eiceeding  aomewbat  tho  height ;  at  both  ends  it  is  broadly  expanded,  perbaps 
slightly  attannaied  at  the  anterior  extremity.  It  is  always  very  flat,  though  the 
nirfaoe  {a  rafher  uneven. 

The  umbo  is  low,  not  pointed  and  terminal,  coinciding  with  the  anterior  margin  ; 
the  pedal  region  is  thetefoce  amall,  rudimentary,  the  aiphonal  region  large  and 
broadly  expanded. 
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TbB  Anterior  margin  is  entirely  rabmerged  into  fhe  fentral  marpn,  wbioh  ia 
'   oblique  and  of  moderate  length,  but  somewhat  irregular ;  the  posterior  margin  is 
very  long,  almost  circular ;  its  ventral  portion  is  lirondly  roundfd  and  apparently 
larger  than  the  oonTox,  dorsal  portion  vhicli  is  strongly,  though  aomewbat 
Incgahriy,  inoliiMd  in  tnteiridr  dif«oti«i.  The  oardinal  nmigin  i>  latbcv  amalL 

The  ornamentation  consists  of  a  dozen,  or  oven  less,  very  irregular  ribs  radiating 
from  the  umbo ;  originally  the  ribs  are  rather  high,  sharp  and  roof -like,  separated  by  . 
deep,  broad  interstices.   The  oontinuity  of  the  ribs  is,  howerer,  frequently  inter- 
rupted bj  eous^  in^gvltfi  onuMntdo  sicitB  of  grovttL 

Tlie  scar  of  attMlimeiit  la  exaeedingly  mil  ind  tte  abell  nnat  Iwts  beeom* 
fcee  at  a  Texy  early  itege. 

The  eartilage  groore  b  large  and  bioidi  Imt  appammtly  xatber  dulloiw. 

The  muscular  scar  is  comparatively  amiU,  alightly  doxmlof  the  antero^posterior 
axis.  In  the  larger  part  of  the  shell  the  teat  is  rather  thin,  being  8  mm.  and  under 
in  thickness,  but  towards  the  margins,  particularly  towards  the  ventral  portion  of 
the  poflterior  nun|^,  it  fUolEens  eoniidwwibly,  attainiog  a  thiekneia  cf  20  to  M 
mm. 

(b)  Bight  valve. — ^Tbe  right  valve  is  in  shape  exactly  the  counterpart  of  the  left 
but  it  appeen  to  btt  aomewbat  flatter  uid  appaientiy  the  lifaa  woe  lem 

itnogly  developed  flmi  ea  tim  kit  TalTab 

Otological  occurrence.'^ 

Zone  of  Oslrea  pegiientU,  Promc  districts 
SfMortt.— The  eaaet  boriwn  of  thb apeoiea  ia  not  knoim;  the  rook  itDl 

attaplied  to  the  specimens  differs,  however,  from  that  of  the  bed  in  which  Ottrea 
promen»i»  occurs  ;  it  ia  therefore  very  probable  that  this  species  forms  a  bed  in  which 
bU  other  apetdee  are  ezdnded,  though  nothing  can  be  aaidwitb  regard  to  the  position 
it  holds  in  the  sequence  of  the  strata. 

Oitrea  pepuensi*  is  easily  distinguished  from  all  the  otliers  br  its  large,  rather 
flat  shell,  both  valves  of  which  are  covered  with  coarse  high  roof -like  ribs. 

Vo  similar  speeies  has  been  desoribed  from  etiber  Western  Lidia  or  Ikom  Java 
or  Sumatra,  and  among  the  European  Tertiary  species  I  cannot  find  any  speelM 
exhibiting  similar  characters,  exoept  perhaps  Ottrea  cra$$ieo$tttt  8ow^  vhioh  i% 
however,  distinctly  different. 

Among  the  living  species  Ottrea  tinemit.  Reeve,  and  Oilr$m  IwUmrftit  fiosTi^ 
which  i<!  probably  only  a  stronger  ribbed  variety  of  the  former,  appear  to  be  closely 
related  to  this  species ;  it  must,  however,  be  mentioned  that  in  both  species  the  high 
sharp  ribs  appear  only  towards  the  margin,  while  the  larger  part  of  the  shell  is 
destitute  of  ribs  and  covered  with  lamellar  concentric  striro  of  growth  only.  It  is 
therefore  not  very  probable  that  either  of  this  species  stands  in  any  evolutionary 
relatiooahip  to  Oitraa  pegnemUt  because  this  speoies  is  oorered  witb  ribs  extending 
from  the  nmbo  to  the  margin. 

We  must  therefore  suppose  tbfit  Ostrea  peguenais  is;  an  extinct  type  among 
the  present  fauna  of  the  Indian  Ocean,  and  as  no  similar  species  is  known  from 
the  Eoeene  beds  of  Eniope,  it  probably  represents  an  indigenovs  type. 
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OsTREA  FBOUBiran,  ipeo.  noT.,  PI.  II,  fig.  S,  o-fi,  Fl.  Ill,  figs.  1,  a-b,  2,  a-b. 

ICfliiraimsMk 

,  Lsnpth.  Height. 

had  raWo       .     S7  ma.        .    75  mm. 

3I»  ahell  is  irregular  in  sbapo,  but  generally  cou&iderably  knger  than  lilgb, 
«Kinniiil7  imqiiilttml  rad  iaeqnivalTB. 

(a)  Zcff  mlve. — The  left  valve  is  sometimes  Irregularly  orbicular,  somofimes 
irregalarly  triangular  in  shape ;  in  the  latter  case  it  is  attenuated  at  the  anterior, 
and  broadly  expanded  at  the  pofltaiomegioii.  In  lome  inataneM  H  ia  Teiy  fht^  in 
others  moderately  inflated ;  the  scar  of  attachment  is  usually  large  in  the  former, 
and  small  in  the  second  case,  so  that  it  {<;  eridcnOy  proved  that  the  ^l«<^f^t^^m  dependa 
ohiefly  on  the  degree  to  which  tbo  shell  is  attached. 

If  mm  deiTdoped,  the  umbo  i»  pointad,  atroDglj  Mtvaaoad^  amtarior  diseetkn, 
and  coinciding  with  the  anterior  margin ;  the  pedal  region  fa  thanfOn  fodioiantaiy 
while  the  sip honal  region  is  large  and  broadly  expanded. 

Tbo  aBlBabr  margin  oannei  ba  dbttngiiUhed  as  suob,  is  rerj  rudimentary  and 
probably  enlifely  merged  into  the  Tentral  margin ;  the  latter  is  moderately  Jonf , 
oblique,  somotiraes  sHjrhtly  concave;  tho  posterior  margin  is  extremely  long, 
almost  circular,  irregularly  curved,  its  ventral  portion  is  broadly  rounded,  fomung 
ft  vaiy  obtow  angle  with  the  ventral  margin;  tbe  doraal  portion  is  m^er  long, 
sometimes  straight,  sometimes  slightly  convex,  but  generally  inclined  in  anterior 
direction ;  the  cardinal  margin  is  smalL  The  ornamentation  oonaists  of  numerous 
moderately  strong,  irregular  ribs,  radiating  from  the  umbo  all  over  the  surface. 
Hie  fiba  are  roonded,  of  almost  the  same  strength,  separated  bf  inieiattoa  of  Hie 
same  breadth  and  increasing  in  number  by  bifurcation  ;  th^  ue  eraaaad  by  nnnuv- 
otts  irregular  striss  of  growth,  becoming  thus  rather  scaly* 

The  eartilage  groove  ia  aborts  boirdeied  on  either  aide  bj  a  atrong  ridge,  and 
turned  in  dorsal  direction. 

(fi)  Bight  vulv€. — Tho  right  valve  is  apparently  slit^htly  smaller  than  (he  left 
one;  its  general  outline^  irregularly  orbicular  or  triangular,  is  mach  tho  same  as  that 
of  the  kit  valve;  it  aeema,  homver,  iliat  the  triangular  shape  is  more  freqnent,  and 
in  this  case  it  is  stroD<:ly  attenuated  anteriorly,  and  broadly  expanded  posteriorly. 
It  is  mostly  flat,  but  there  are  instances  in  which  it  is  strongly  inflated  all  over 
the  aorfaoek  or  othera  irbere  it  ia  inflated  ai  the  nmbonal  region,  and  flat  or  afanoai 
eoneave  afterwards. 

Tlie  umbo  is  low,  pointed,  terminal;  pedal  rag^  rodimentary,  aiphonal  zegiaii 
large  and  broadly  expanded. 

Uaiglns  goDerally  the  aame  aa  in  the  left  valve^ 

The  surface  is  destitute  of  radiatins:  ribs,  and  compared  with  the  left  valve  it 
a^ears  smooth ;  it  is,  however,  covered  with  numerous,  conoentriiH  rather  regular 
abim  of  growth,  which  give  it  a  peculiar  lamellar  appearance^  Cartilage  groove 
•a  fn  the  left  valve. 

Both  valvea  have  a  ntber  thiok  teat  up  to  10  mm.  and  more  in  uii€ksan» 
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Qeclogieal  oeeurrenee.— 

Zone  of  Otlrea  prmeMi$,  Prome  dis^t 

JSMforb.— The  geological  bofison  of  tbb  epedee  lii  not  Ieoowa  vitii  oertafaity, 

\iat  it  appears  that  it  oooan  in  a  bed  entirely  composed  of  ito  iheUa  with  the  ezola« 
■ion  of  all  other  species,  but  antil  further  researches  bare  be<'n  carried  out  the  question 
of  the  geological  borison  of  0$lrea  proimeuti*  must  therefore  remain  in  abeyance. 

Meam.  d'Aiehiws  and  HiiiiM  have  dMoribed  iiiid«  fh#  aama  of  CMtm 
multieottala,  Desli.  rar.,  a  spwies  which  at  the  fiMt  elanoe  bears  a  gr«3at  similarity 
to  Ottrta  promeiui$.  On  farther  examination  there  will,  howerer,  be  seeo  that  a 
eonaidenible  diffeteaoe  «dat«  with  fegatd  to  duipo  and  oeiuuiMutHtioB  at  hoth 
species;  Otlrca  multicoitaia,  ^Ax^  ftod  Haimc  (aon  Uc&haycsl),  is  mon  elongate 
in  sliapp,  \vliile  Ostrea  promenait  is  orbicular.  The  ribs  of  the  former  species 
arc  always  more  slcuder  than  those  of  tlie  latter,  but  the  ohief  difEerence  consists 
in  the  dit^ropocthnor  tlie  aiie  of  tin  ifg^  and  kft  Tihe  in  Ottrm  mMkottaimt 
d'Arcli.  and  Hatmei,  nhOe  both  film  an  «l  aloimi  thie  aame  aise  in  (Mrw 
promHtit.  " 

It  is  ta  be  regretted  that  Manw.  d'AwMao  and  Haime  apparently  orerlookad 
thi;;  feature,  which  gives  thoir  OHteo  multicottala  aoflh  a  peculiar  appearance} 
tho  left  valve  is  very  large,  but  the  visseral  chamber  is  very  small  and  covored  by  a 
small  rigbt  Talre  only,  which  Icaree  a  good  deal  of  the  left  ralre  free,  surrouodiag 
the  right  TalTB  in  the  ahape  of  a  braad  lim. 

To  mo  it  seems  therefore  unquestionable  that  Ostrea  multicotlata,  d'Arehiao 
and  Haime,  cannot  be  idratificd  with  Ottrea  multieoiMa,  Deebayes,  and  it  appears 
that  the  authon  themaalTee  had  some  doubts  as  to  the  ooReotneaa  of  thoir  view 
by  adding  «ar.  to  thdr  detenniaatloa.  The  apeotlo  namo  of  **aHiUi»aiMa** 
of  Messrs.  d'Arnhiac  and  Haime's  On'ren  will  have  tliorufore  to  be  cban;ted. 
That  Oslrea  muUiootUUat  d'Arohiao  and  Haime,  is  really  different  from  Desbayes' 
apeeiaa  of  tbo  lanie  nanw  bia  dieady  been  notioed  by  Dr.  Blandfoid*  and 
Mr.  Oldbam.'  I  pR^ose  tberefon  the  nama  of  (Mna  Vlami^oriltmM  for  tfaii 
cihaiaoteristic  <spocie8  from  Sind. 

Ko  similar  species  is  known  from  either  Java  or  Sumatra. 
I  eannot  find  any  living  idatiTe,  although  tiiare  are  two  spenea,  Otifta 
atiriculata,  Kocvc,  and  Oslrea  multieoetata,  Reere,  from  Ja[>nn  wliieh  by  their  cns- 
tated  left  valve  resemble  in  a  general  sense  of  view  to  Ottrea  promenait,  but  as  both 
apedea  have  also  a  ribbed  right  valye^  any  identity  ia  of  oooiae  oat  of  qneation.* 

On  the  other  hand  it  cannot  bo  denied  that  Ottrea  promengit  boars  a  great 
similarity  to  species  like  Ostrea  prona,  S.  Wood,  or  Ottrea  jl-jhelUihi ,  Lamarck, 
the  latter  species  being  particularly  characterised  by  a  right  valve  which  is  slightly 
smaller  than  the  left  ODOi 

Ihoagh  OiAwi  frmemt*  npicMnta  tbcnfon  a  ^pe  whldi  ia  citinet  unang 

*  a«(l«BrafW«itenig]iid.H«a.OMiLflmv«|]alh,T«LZni,ft.l. 

*  MhmI  il  th*  e«glo|7  «i  bdh.  fad  •ffifiM.  mt*  IM. 

*  llMifMril«Um(t«f  boUitliiiptciMiniuitbccliRnitcJ,  benaaein  1832  Defnnw  dessriW  an  (Htrta  auiitiiUt* 
tnm  tin  Cmmm ■hm  uk  m  1887  UmIwtm  m  Ottn*  multietlata  from  tin  TotUmj  of  Fruw^  wbik  lUmV 
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the  fanna  of  tlio  Tr dinn  Ocean, it  is  nnqueetiouable  that  iU  neun||  Balatimoaent 

ia  the  Eocene  of  Europe. 

OnttBA.  nomtn,  spec  nor.  rar. 

There  are  three  ill-proscrved  fragments  of  an  Osfrcn  which,  hy  their  genenl 
habitus,  appear  to  be  closel;  related  to  Ottrea  pnmentit ;  aome  differences  SMm* 
bomrer,  to  exiit  wUoh  oompelled  me  to  sepaxato  ii 

It  appears  that  the  left  valve  of  this  species  was  stronger  inflated  and  the  ribs 
ooaner  and  thicker;  as  all  the  three  specimens  come  from  a  hed  which  oontaina 
numeious  other  foasils  though  none  of  them,  oould  unfortunately  be  determined 
spsofiBsUy,  it  is  Tery  probable  tbat  they  «ie  not  derived  fimm  ibe  aame  bed  as 
Ottrea  promemis,  and  represent  perbsps  a  dUbient  species. 

Geological  occurrenetd — 

VnSamm,  boiiioo,  Tbayetmyo  disbdol. 

OlTBEA  PAPTSACEA,  spec.  nov.,  Fl.  Ill,  figs.  3,  a-b,  4,  a-h,  5,  a-b,  6,  a-b,  7.  a>A, 
The  shell  attains  only  a  sma!l  size,  and  appears  io  be  very  irregular  in  shape 
of  both  valves ;  it  is,  however,  always  longer  than  high,  more  or  less  .attenuated 
tomids  the  anterior  eztiemily,  iaeqaikteial  and  snbi«qniTBlve. 

(d)  Left  valve. — The  left  valro  is  jcnerally  more  or  less  trigonal  in  shape,  at- 
tenuated at  the  anterior  and  slightly  expanded  at  the  posterior  extremity,  and  it 
appeals  always  moderately  inflated.  The  soer  of  attaobment  is  very  small  and  bardly 
▼IsiUe. 

The  terminal  umbo  shows  varying:  degrees  of  pointednesSi  tbo  psdsl  Mgion 
is  rudimentary,  the  sipbonal  region  elongate  and  broad. 

Tfaeniaii||insd0notseeintoieiaiBaiqr  speeial  diieotioii,  but  tbeiy  am  eomd 
in  various  dsgises.  Tbsn  is  no  oiraaiiieB.tatfciu  eioept  nnmeioas  oonosnfaio  stda 

of  growth. 

The  cartilage  groove  is  very  small  and  llab 
Unsedar  soar  small. 

(J)  Hight  valve. — llie  right  valve  is  similar  in  shape  to  thnt  nf  the  left  one,  but 
it  appears  that  it  exhibits  a  larger  variatiou  with  regard  to  inllatedneaa.  Some 
talfSi  an  qnita  as  nmb  inflated  as  kft  Talves,  otbeis  are  perfeotly  flat  Otbev- 
wim  it  iiiniMb  tbe  same  ae  tba  kft  vsbe. 

C^fayisal  eooNiTMiee.— 

Zoneof  ^ros  iheobaUU,Vi&va&. 

Zone  of  ^mfnlMipipedim  protakrtmum,  EauMU 

SsNwrtf  ^It  wiU  be  seen  hom  the  above  dsseriptton  tbat  tbis  speeles  exhibits 

VMCy  few  ('hrvncteristip  features  ;  in  fact,  ita  chief  characters  are  an  irregularly 
elongate  shell,  both  valves  of  which  are  smooth,  with  the  exception  of  fine  con- 
esnliiio  stiim  of  gwwtli.  These  ebaneteis  ais^  bowevep,  soCoistit  to  ^UstfngiiiBh 
(Mreapaps/roeea  from  all  the  others  here  described,  although  it  may  be  argued  that 
the  distinction  between  isolated  right  Talvm  of  CMfWs  {MVMsnsis  and  Ottrea 
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papyracea  ia  br  no  means  easy.  As  it  is,  howerer,  yery  probable  that  both  qwoi« 
duwtoteEite  diierent  horiioaa,  •  oonfitaimidoeB  not  aeemi  to  1m  lHoAj, 

Ottrea  incita,  MartiD,  from  tho  Pliocene  of  Java,  is  probably  •  HMf  fditifie, 
Imt  tbis  species  is  easly  distinguishfid  by  the  oreaulated  margini. 

No  amilar  species  is  hitherto  known  from  Wcstom  India. 

I  omnot  disooTcr  any  lifing  relative  among  the  hmw  of  the  Indian  OoMm 
and  we  must  therefore  suppose  tint  it  represents  an  extinct  type,  the  nearest 
nttiTM  of  vbioh  are  probably  £ound  in  the  Eocene  of  Paris,  though  for  want  of 
ipfldn«M  for  oompariMii  I  leErain  tern,  naming  a  speoiM  to  frtiioh  it  adf^t  Iw 
xdated. 

Genni:  BPONDTLmk  UnnS. 
8foiinnniiT8i  sp* 

It  is  remarkable  that  thia  genus  which  in  other  TerUaiy  itrata  csMbiU 
nnmcrons  and  fine  species  is  in  the  Burma  Miocene  repieaentad  by  a  lingle  qneiw 
only,  of  which  onlj-  :i  solitary  ill-preserved  right  valve  has  come  under  examination. 

It  measures  about  25  mm.  in  height|  while  ita  length  was  apparently  j 
tbeiades  is  tiiecefoMamallar  thanl ;  it  is  modemtdy,  though  Ineguli^y,  inflated  and 
irr^ularly  elliptical  in  circumference.  The  surface  is  covered  with  numerous  5ne 
flat  radiating  ribs  which  become  rather  ixregolacbyafewatrong  oonoentno  wrinkles. 

Oeologieal  oceurrenee.^ 

Im»  of  Arieia  humnta,  Thayetmyo. 

Semarks. — It  would  be  rather  rash  to  form  any  conclusion  as  to  the  specific 
identity  of  this  species  as  all  the  more  es&entiiil  features  ar  emiasing.  I  therefore 
nlnda  from  ezpresung  an  opinion,  alihongh  I  may  aalely  aay  that  the  qweies 
here  mentioned  waa  certainly  diCferent  from  any  Spondfltu  desoribed  by  Messrs. 
d'Archiac  and  Haime  or  Professor  Martin.  It  may,  however,  bo  possible  that  it  is 
eloaely  related  if  not  identical  to  Spondyltu  minor,  A.  liubm,  from  Madura. 

VmSj !  ZIMISJIi  d'Orlngay. 
Oenns:  LI&IA,  Bragitee. 

TifO  apeflica  only  vhieh  lepicaant  too  widely  different  typca  hate  heen  fOnud ; 
the;  nay  be  easily  distingoiahed  as  foUovi : — 

A.  Suboe  nnooth. 

1.  Lima  griethackiatia,  vget.  nor. 

B.  Sttibee  eovered  wttli  sqnanuws  nbst 

2.  Limn  ptvi  tji!  iWmj,;,  spec.  nov. 

The  smooth  Lima  grievbachiana  has  no  living  relative  among  the  fauna  of  the 
loffian* Ooaan,  neither  has  any  fbssQ  idatiTC  heen  disoorered;  ft  ia  theraface  an 
extinct  type  wliicli  probably  liad  its  predeoesaor  In  the  Eocene  of  India. 

On  the  other  hand  has  Lima  prelotqvameaa  its  nearest  relative  in  the  Uviag 
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Lima  iquamo$Of  being  di&tingnisbed  from  that  tpeoiM  onlj  b]r  a  imaUBr  ciM  tsd 

probably  a  mam  delicate  oniameDtation. 

Lima  oriksbacbiasa,  spec,  nor.,  Fl.  Ill,  figs.  8, 9,  a-e. 

Mbasdeexbxt!). 
Imictii.  lUight.  L/H. 

%        „  .  19-fl  .        .  24  4  „        .  <i  79 

The  shell  Lb  of  small  size,  obliquely  oral  in  shape,  considerably  higher  than 
long;  ttas  index  L/H  is  tbeNloce  imaUer  tlum  1,  though  owing  to  flw  aoaroity  of 
material  at  my  di$po<4l  I  am  mmble  to  $;ay  anything  about  its  amplitude.  It 
is  strongly  inflntf-d,  dropping  perpendicularly  towards  the  ventral  side,  gontly  in 
poatero-dorsal  direction,  very  inequilateral,  not  gaping  at  either  the  ventral  or  the 
donal  8id«.  There  b  no  doubt  tlmt  the  «an  on  both  tiw  veotnl  and  donal  ilde 
ate  absent. 

The  umbo  ia  strongly  inflated^  carved  inwards,  turned  a  little  in  dorsal  direc- 
tion and  situated  terminaUj*  direetly  abon  the  anteiiar  maigia* 

The  pedal  xsigian  is  fvf  shorty  zadimntnij;  tha  a^ihooal  ngiim  Utfgc^  bioadtj 

expanded. 

TUc  anterior  margin  is  very  short ;  in  fact  it  is  entirely  submerged  in  the  long 
slightly  oonrex  Tentral  margin  whieh  takes  an  ahmpt  tarn  In  donal  dfireetioo.  The 
posterior  margia  is  very  long,  angularly  broken ;  its  posterior  part  is  strongly 

conypx  and  merges  gmdiiallv'  into  tho  ventral  mars^in,  wliilo  its  anterior  part  is 
straight,  forming  an  oblique  angle  with  the  short,  straight  cardinal  margin* 

The  sorfaoe  is  eoverad  with  a  thin,  sUny  epidermis,  which  is  mHHj  rabhed 

off,  thus  exposins;  thn  structure  of  tho  middln  shell  layer.  The  latter  is  com]i<:*;,  d 
of  numerous,  very  fine  ilat  radiating  ribs,  separated  by  intersticos  of  half  their 
bieadth.  On  the  epidnmis  this  stmetnre  is  represented  by  fine,  engraved  radiating 
lines  corresponding  to  the  intenUoes,  separated  by  broad  flat  radiating  bands,  corr©» 
spending  to  the  ribs.  Both  are  crossed  by  fine  conoentrio  and  equidistant  striie  of 
growth,  producing  a  kind  of  square  ornamentation,  a  feature  which  is,  however^ 
ahiafly  restricted  to  the  posten*donal  ngion. 

Otological  ocemrrence.— 

Zone  of  ^rietm  hmmerota,  lliayetmyo. 
Xemttrki. — The  species  here  described  bears  no  similarity  to  any  species  of  this 
gentu  living  nowadays  in  the  Indo-Paoifio  Province.  According  to  Beeve  five 
species  inhabit  the  lodlan  Ocean,  not  including  those  living  in  the  Bed  Sea ;  witt 
none  of  those  has  Lima  grietbaehiana  any  resemblance,  neither  can  I  find  any 
similarity  with  specimens  from  tho  European  Tertiary  formation.  It  seems  there- 
fore that  JAma  grietbaehiauo  represents  an  extinct  type  which  probably  had  its 
neimknlattTO  la  ttaBooeMoCLidia. 
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Lima  rsoToaquAMoaA,  spec  nov.,  Fl.  Ill,  figa.  10, 10  a. 


There  is  only  a  sinfrle  right  valre  of  this  species  which  has  oome  under 
examination,  but  although  being  ill-presenred,  it  shows  distinctly  that  it  belongs 
to  a  Bpeetea  different  from  tbe  loniwr. 

The  shell  is  of  moderate  size,  obliquely  oral,  rather  flat,  very  inequilateral  and 
ainch  hiijher  than  lon'^  ;  tlio  irjdox  L  IT  is,  thf-n-fore,  smaller  than  1.  The  valves 
verc  apparently  siijjhtly  gaping  ul  the  dorsal  aide ;  there  is  a  small,  well  set  olf 
dtnsal  ear,  and  there  probably  existed  a  rudimentary  rentcaloiie  too,  althoagh  this 
cannot  he  stated  with  certainty. 

umbo,  though  miasing^  ma  apipaiaiitlj  pointed  and  tanniiialf  okM  on  tiw 
anterior  margin. 

The  pedal  region  is  nidimentary,  the  siphonal  one  large  and  broadly  expanded. 

The  anterior  margin  is  entirely  submerged  into  the  straight  dightfy  oUtqne 
vontral  margin  which  at  its  posterior  end  turns  abruptly  upwards  and  passes 
into  the  long  and  broadly  curved  posterior  margin ;  the  anterior  portion  of  the 
latter  isittaight,  stion^y  indined  inTentral  diieetion.  Oardinal  margin  shock, 
stndght,  forming  an  obtuse  angle  with  both  ventral  and  posterior  margin. 

Ths  ornamentation  consists  of  21  radiating  ribo  oE  iiiode»ate  itteogtb,  Mpantad 

by  interstices  of  about  the  same  breadth. 

Sone  of  JfyMf  Nt  tUeobmrkat,  Binga. 

'BemarJct. — Tho  diCTcrenco  between  this  species  and  Lima  grieslachiana  need 
hardly  be  mentioned,  tbe  former  haring  a  perfectly  smooth  surface,  while  tliia 
qweka  is  provided  with  atfOBgsadiatlngiibi.  Unfortunately  the  itateofpraMmtioii 
does  not  allow  to  ai^  with  oaitain^  whether  the  ribs  wero  smooth  or  squamoae. 
The  probability  is  that  they  were  squamose,  and  if  tliis  supiwsition  be  correot* 
tbiii  species  would  iind  its  nearest  relative  in  Lima  squantota  which  infaabita 
the  Bed  liea  and  the  Indbn  Ooean.  Owing  to  the  inaaffioient  atate  of  pteiorfatian 
I  refrain,  however,  from  drawing:  further  couclusion';,  tliou^'h  it  is  pretty  certain,  to 
judge  from  the  general  shape^  that  both  species  are  closely  allied,  and  as  Lima 
tquamoM  has  a  larger  aiaa  Mid  atronger  ribs,  tilia  featue  would  be  quite  in 
harmony  with  the  obserration  made  in  Other  Bpeaie%  whioh  are  the  anewtora  of 
those  living  in  the  Indian  Ocean. 

Lima  liiM,  Linn.,  which  is  another  specie  inhabiting  the  Indian  Ocoan  and 
whibh  might  alM  be  eompared«  ia  easily  diatingnished  by  tiM  aaali  laiigec  awaiber 
ofrifaa. 


Digitized  by 


FATTNA  OV  THE  UIOOENE  BBD8  OF  BT7BUA 


116 


Fkmilf  I  fMCTXNlDJB,  lamaiefc. 
Qemtg;  FBCTBN,  Klein. 

Akin  Ottteat  I  diSar  In  tiie tami  uaed  for  the  deaoription  of  fho  ghdl  fiom 

fllBt  adopted  by  previous  authon,  and  formerly  also  by  my Rolf.  Since  Jackson  has 
ptoved  that  the  position  of  the  animal  in  the  shell  is  suoli,  that  the  byssal  notch 
b  on  the  Tential  side,  the  old  method  o£  dcscriptioa  will  hare  to  be  abandoued. 
I  term  tfaerafore  Tentnl  and  donal  auricle  than  appendagM  trUeh  bare  been 
formerly  termed  anterior  and  posterior  ear,  ami  natunlly  tho  anterior  mart^in  will' 
be  termed  the  Teattal,  the  ventral  and  posterior  nuu^as,  posterior  margin. 

Only  a  entail  muBbn  Iwlonging  to  flio  mib-gMaa  CiUaniy*  have  oome  onder 
anmination ;  and  the  diffetoiiMt  between  two  at  least  are  so  small,  tiiat  I  have 
some  douhtit  whether  thoy  represent  really  diSeront  ipeoiieii  but  M  tiuf  ooonr  itt 
different  bods,  I  bare  kept  them  separate. 

II10  apediM  WKf  be  dintingoidied  in  tb«  following  way 

1.  Shdl  krgt',  nliH  rnuniled,  thid^  H  itt  aoBibv. 

L  FteUm  fnUteiuitoriut,  wgut,  nor. 
B.  Shdl  ■BsD,  dba  mmded,  fine,  26  in  anmlNri  iatantiaHi  pniotnits. 

2.  Peeie»  kckenianu*,  spec.  dot. 
G.  SheUtolenb^  laige,  rib»x«miuled,fbu^alHmt49iniM^ 

8a  tttiM  Hwuuimtf  sfMa  nov. 

It  is  rather  diffioolt  to  tiMe  the  nUtionship  of  these  three  species ;  it  seema 
quite  certain  that  Peclen  profoaenatorins  is  the  direct  ancestor  of  the  living  Pccten 
ttmtoriua,  Gmol.,  probably  representing  the  permanent  nealogic  stage,  but  it  is 
nnuli  nHWB  diflleiilt  to  find  any  lelatioDdiip  of  Ptfolns  MtvKimM  and  P«0rM 
irravadietu.  Both  species  represent  types  which  are  extinct  among  the  fanas 
of  the  Indian  Ocean,  and  tli>  ir  nearest  relatives  unquestionably  occur  in  the 
fiocene.  It  is,  however,  not  easy  to  say  whether  such  relatives  occur  in  the 
IndiBn  Of  BofopeBn  Eooanob  ov  in  both.  P«ef«H  htikmdmm  bekngi  vn« 
questionably  to  the  relationship  of  Pedem  reconditut,  Sol.,  or  similar  species, 
yet  it  has  a  very  near, relative  in  Peeten  boueit  d'Arch.  and  Hoime,  from  the 
Ibdian  Eoeeme;  tte  same  probably  appliss  to  PMfta  tpivmMlitfiitf  though  no  species 
can  be  named  at  present  to  which  it  might  bo  rdftted  beoAiNO  soflh  ft  qnsstioa 
«u  only  be  settled  by  Mtual  oompftdsMi. 

PSCTSM  PK0T0ft£MATO£IDS,  spcc.  nor.,  Fl.  Ill,  fig.  11,  Ph  IV,  fig.  1,  a-b. 

MEAsrsiHiirrs. 

Length.       Hiiglit  L/H. 
8t«n,  .WOva. 

The  shell  is  wbioular  in  shape,  but  as  the  height  is  constdeiably  in  ezoem  of 
th«  lengthi  the  iodn  L/H  is  mneh  smaller  than  1;  it  is  ftppawntly  eqairslTo, 
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Obm  Mug  no  difference  in  the  omaiuentatioa  of  both  valTes,  and  probablj  yOf 
VtyHe,  or  no  diffeNnw  with  Ngmid  to  tho  dqgna  oC  inflatiai ;  Iwtli  faint  am 
▼eiy  flat  and  inequilateral. 

Ike  umbo  is  small,  pointed  and  so  stioogly  mofsd  in  anterior  diractioa  that 
eauAimil  and  Tontnl  margia  ooiaoide,  and  Ibo  umbo  beeomea  temtnal. 

.  Pedal  region  rudimentary,  si  phonal  region  very  long,  broadly  expanded 
and  rounded.  Anterior  margia  and  cardinal  mari?iti  sulimergc  into  each  other, 
forming  a  atraight,  rather  short  line  running  perpeudioulariy  to  the  antero-posterior 
Bzia ;  Tential  margia  modeiatelj  long,  Tory  oUBqno  and  aUgfatly  dnoated,  tnndng 
abruptly  in  dorsal  direction  at  its  posterior  end  ;  ]>o$terior  margin  very  lonar,  broadly 
Xoonded  and  running  approximately  parallel  to  the  antera>cardinal  margin,  with 
ita  TODtzal  portion,  and  turoiog  abruptly  in  Tentnd  direction  with  its  posterior 
portion*  running  in  a  straight  line  toirarda  tiio  umbo,  where  the  oontiniiatlon 
oC  Tsntial  and  dorsal  margin  meet  at  an  aDg1<^  slightly  under  90.° 

Anriflika  well  set  off,  bat  unequal*  the  ventral  one  is  larger*  elongate  and 
deeply  notched  at  ita  ventral  sldek  ita  anterior  and  -ventral  margin  meeting 
apparently  at  a  right  angle ;  the  dorsal  auricle  is  much  shorter  though  aomawliat 
longer,  its  anterior  and  dorsal  margin  meeting  at  an  ohtuso  angle. 

The  ornamentation  coasi^ts  of  about  25  sti-ong  rounded  radiating  ribs 
aeparated  by  eoneave  intcrttioea  of  allghtly  amaUer  hmadtb ;  tho  rths  were  oroNod 
by  numerous  fine,  conoentrio  lines  which  rendered  them  a  little  scaly;  owing  to 
the  poor  state  of  preservatioo  this  feature  could  only  be  observed  in  a  single 
apeoimeo,  wliairB  itwaa  rather  effaced,  riba  of  the  right  valve  interlocking  with 
the  interstioea  of  the  left ;  about  six  to  seven  fine  ribs  on  the  ventral  auriolei, 

Oartilage  groove  amalJ,  triangular;  other  internal  ahaiaotara  not  obaerved. 

OtUofieai  odearrmM.— 

Boriaon  mknown,  Ptame  diririot. 

Benmrkt. — Unfortunately  no  data  are  available  as  to  tho  exact  horiaon  of  this 
apecies,  but  to  judge  from  the  rock  in  which  it  is  imbeddadj  there  ia  no  qnettloa 
that  it  bdooga  to  the  If  iocene  series. 

This  speoiee  bears  the  greatest  reiemblanoe  to  PMlen  fionei,  d'Arok,  Iti  ahapa 
and  ornamentation  agreeing  well  with  the  fijjnrp  and  description  as  given  by 
d'Archiao ;  the  only  difference  which  I  oould  record  is  the  size ;  if  d'Arohiac's  figure 
ia  given  in  natnral  riaa^  the  specimena  tttaa.  Burma  an  vnqaeetionably  imnoh- 
tallcr,  although  one  might  not  consider  this  feainre  aa  a  specific  diflerenoe. 
Messrs.  d'Archiac  and  Haime  give  unfortunately  no  measurements  of  the  specimen 
which  served  them  for  description,  but  when  looking  throngh  the  whole  of  the 
collection  of  the  Bind  Tertiary  foadli  I  did  not  And  a  ringle  opedmen  whioh 
came  in  size  anywherr:  near  to  Peclcn  protoeenatorius,  though  tlieie  were  numbers 
which  most  probably  represented  ^ecien  boueL  In  order  not  to  introduce  farther 
wmfoalon*  aa  the  qneattoa  of  identity  can  only  be  settled  after  a  diligent 
OTamination  of  the  Indian  TmVkrj  faoaa has  been  nndertakcn,!  pmfer  to  give 
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a  new  name  to  the  species  from  Burma,  which  if  necessary  can  be  cancelled 
•flemnli. 

The  nearest  relative  among  the  Uring  Bpecies  is  unquflrtioiialily  Fecten 
aenatoriuB,  Gmeliii«  from  the  Indian  Ocean ;  in  fact,  the  relationship  seems  to  be 
so  oloM  that  I  Am  not  quite  lare  whether  Fecte»  protoienaioriu$  should  not  be 
identified  with  that  tpeoies ;  the  ribe  of  PevlM  wwaleHw  ihoir,  knrefer,  » 
peculiar  formation  which  could  not  he  observed  with  certainty  in  the  fossil 
Fecten  prototenatoriua;  during  the  nealogic  stage  of  Feoten  ^enatoriiu  its  ribe 
an  ample;  bat  after  ItluM  attabed  a  oertain  riw^  a  sharp  fanow  appean <ni 
cifilier  flank  of  each  rib.  thai  Miting,  though  not  splitting  oil,  a  BeoQiBdai7  lib  en 
either  side ;  tliu  feature  increases  with  advandng  loK,  and  in  foU  grown  speoimens 
each  rib  presents  a  peculiar  tripartite  section. 

Now  MMna  of  the  foesil  apMinent  teem  to  exhibit  a  similar  featoie  towavda 
the  Tentral  margin,  that  is  to  say,  at  considerable  later  stnge,  but  as  already 
stated  the  state  of  preservation  is  not  such  as  to  decide  with  certainty  about 
fUe  featun;  if  mj  etgrnniie  be  oocrcot  the  foasil  spedmens  f ram  Bnnna  should 
be  oootidend  as  identioil  with  the  living  Peclen  tenatoritu,  Omel.  In  the  mean« 
time  I  am,  however,  certainly  not  mistaken  if  I  consider  Fectfn  protosefiaforiut 
fiom  Burma  as  the  direct  ancestor  of  the  recent  Fecten  tenatoriue,  the  latter 
iMTlng  pnbably  devakfed  bom  tba  fanner. 

Fiomr  KOUitiAini%  ipee.nofr^  PL  IT,  figs.  B,  Se,  8,  a-e,  4^  4«»  6,  o-c,  4^  Oe. 
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The  shell  is,  except  for  the  diilerenceB  in  the  shape  of  the  ears,  almost  equip 
Tllve  and  orbicolar  in  shape,  bat  of  small  rifle  only ;  the  length  always  etoaoda 
ttie  ingbt  to  a  small  extent,  and  thcagh  low,  the  index  L/H  never  falls  below  1 ; 
the  amplitude  of  variability  seems  to  be  a  small  one,  as  will  be  seen  from  the 
above  figures ;  it  appears,  however,  that  the  younger  speoimens  had  a  higher 
Sadex,  in  other  words  are  nore  elongate  tlum  the  (all  gfown  individnala. 

If-BRlliged  according  to  the  size  of  index  the  following  table  is  obtabed 

IOm     .      .     .Ml    1-OS    l«l    1-04    l-Oi    I'M    1-or    IDS    1«    I'M    1-U  I'U 

Suate  «r  spNtaw    i..  aaraiaaaia 

late     ...    14   I'U   lis   1-U   I'lf    llfl    »t    M     H.     ~      ...  ^ 

Vmiwt  tt  ipNbMH    1     a     1  a   ««•      a        tM    ni  ••• 

It  will  1»  fleea  tiiat  «acaept  for  alunrt  gsfN  the  obafai  b  almoat  vniolaniiptod 

from  1-01  to  1*19,  the  mathcmatinal  avern^^e  indox  would  bo  1*110,  and  we  see 
that  23  speoimens  or47'9  7o  of  the  total  number  are  grouped  around  this  index ; 
the  ealonlatad  index  howaTer,  a  little  lower  being  1078,  and  atonnd  tltii  flguie 
27  specimens  or  66*4  */e  Uytal  number  are  gathered ;  it  is  therefore  unqoea- 

tionablc  that,  if  wo  were  to  exclude  the  few  juvenile  specimens  with  the  high  index, 
the  mathematical  aad  calculated  average  would  almost  coincide.  The  formula  of 
Taxation  shoold  tbeief cro  be  written  aa  foUowi : — 


•There  appears  to  he  r.n  tlifference  worth  mentioning  in  the  index  L/H  of 
fbie  light  and  left  valve  respectively,  but  for  obvious  reasons  it  will  be  better  if  the 
deieriptioii  of  eadi  Talre  ia  givein  aepaiately. 

(a)  Bight  mite. — The  right  valve  is  flat,  very  inequilateral,' attenuated  at  the 
anterior  and  broadly  expanded  at  tho  posterior  extremity  ;  the  umbo  is  pointed  and 
terminal.  The  pedal  region  is  rudimentary,  the  siphooal  region  large,  and  broadly 
expanded. 

The  anterior  margin  is  entirely  submerged  into  the  ventral  margin  which  is 
abmost  straight,  even  a  little  oonoave  at  its  anterior  part;  at  first  it  is  ventrally 
iiudinfldt  but  snddenly  turns  in  dorsal  direcUon  to  join  ia  a  broad  sweep  into  the  poata> 
lior  margin,  which  has  tbe  same  ion  as  tbe  ventral  margin,  the  antedor  portiona  of 
both  meeting  at  tho  umbo  at  an  angle  varying  from  80°  to  100°. 

Iho  hinge  is  lodged  on  the  inside  of  tho  auricles,  tho  anterior  margins  of  which 
fall  in  a  straight  Hue,  forming  a  Yery  pointed  an^  with  tbe  dono-ventral  axis. 

The  vontral  anriole  is  larger  than  the  dorsal  one,  and  ia  de^y  notched  at  ita 
ventral  side,  meeting  the  anterior  side  at  almost  a  xigbt  angles  in  the  dooal 
aiiricle,  dorsal  and  anterior  side  meet  at  a  pointed  angle. 

Hie  Uaga  ontsisfa  of  aloiM;  ventnl  laaoellar  tooth  T<ATn,  lowing  a  deep 
socket  for  tho  insertion  of  a  enrresponding  tooth  in  the  left  valve  on  its  posterior  side 
and  a  shorter  dorsal  tooth  Lf  1II|  separated  from  the  former  by  a  short  triangular 
MBilialpit 

Tbe  ornamentation  oonsista  of  my  tegular  roonded  radiating  rib«,Bepaxatsd 
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by  interstices  of  the  same  brt5adth ;  there  are  26  of  them,  and  as  tho  sirifillcst  and 
biggest  specimens  show  the  same  number,  it  may  be  sopposed  that  their  number  is 
BobhMnMwliiiaittBgiowtkof  tbeabaU,  imlsat  liy  tifonatioB,  of  wbleh  tiian  ii, 
however,  rot  thn  slightest  indication  among  the  numerous  specimens  I  examined. 
The  ribs  were  coyered  with  Tery  delicate  concentric  lines,  which  become,  howeTer, 
easily  worn  off,  so  tbat  in  moat  spweimOTM  tin  xibs  appear  entirely  010001.  Hm 
interstices  were  covered  with  extremely  minute  pnnotaxei^  ananged  in  straight  bat 
oblique  lines ;  this  sculpture  is,  however,  only  seen  under  a  strong  magnifying  lens 
and  is  easily  worn  off.  £otb  auricles  exhibit  a  few  tine  radiating  ribs,  which  par* 
tiovlaily  on  ike  ventnl  ear,  ava  efOBaad  by  naniaroiiB  Una  flonoaatcie  Bim%  giving 
tham  a  plicate  appearance. 

The  byssal  notch  is  proyided  with  a  few  small  arenulationa. 
{b)  Left  w^^-JfhB  left  Talva  ia  ef  the  aams  sbape  aa  the  right  onat  and  tt 
difllsn  only  by  the  shape  of  the  auricles  and  the  position  of  the  cardinal  lameDn. 
The  ventral  auricle  is  much  larger  than  the  dorsal  one ;  it  is  slightly  concave  and 
its  ventral  margin  meets  the  anterior  moi^in  at  a  pointed  angle ;  the  dorsal  auricle 
is  nmoh  analler,  and  ita  doiaal  and  anterior  margin  meet  at  an  obtoie  angle. 

Tlio  hinge  consists  of  two  delicate,  lamellar  teeth,  separated  by  the  small 
triangular  resilial  pit ;  the  yentral  one,  which  repceaenta  LAII,  ia  much  longer  than 
the  dorsal  one  repreaantmg  HSU, 

The  ornamentation  is  tteaama  aa  that  at  tlie  rigU  v^ve. 
Ott^ogktU  occurrence. — 

SSone  of  Area  iheobaldi,  Kama. 

Zone  of  FaraUelipipedum  prototortutmah  Kama. 

Zcma  ot  FMoB  orttnUOiB,  Tbayebnyo. 

Zone  of  Ar'idn  hvmerosa,  Tlmyctmyo. 

Zone  of  Cytherea  erycina,  Prome. 
Jtmnark». — The  comparatively  small  number  of  thin  ribs,  but  particularly  the 
ddicately  pvnetnrad  intentioea,  readily  ffiilingiiiili  tbia  apeoiaa&onk  the  ottieB. 

Messrs.  d'  Archiac  and  ITaimc  hnve  clescrihed  four  different  species  of  radially 
ribbed  Fectines,  under  the  names  of  Feclen  bouei,  Feeten  favrei,  JPwten  lahadyei 
and  JPeeten  hopJtinri,  the  spedflo  difference  of  three  of  wliieh  at  leaat  may  bo  ques- 
tioned, because  the  species  are  based  on  fragmentary  specimens,  insufflcientfy  ex- 
hibiting the  distingnishing  features.  To  judge  from  tho  figures  it  appears  ex- 
tremely difficult,  if  not  impossible,  to  distinguish  between  figure  1  {JPeeten  bouei)  and 
figure  6a  (P«e<0i»  favrei) ;  there  ia  also  a  great  limilari^  batmen  flgnra  4  (Peofas 
hophinaX)  and  figure  5  {Peclen favrei).  In  fact  thToaaaiBla  to  be  more  of  a  diffen  nce 
between  figure  \c  and  figora  li  of  P«de»  bouei^  than  between  the  latter  figure  and 
figures  8, 1,  5  and  6a. 

llgiirea  2  and  2a  (PaelM  lahadyei)  fonn,  lunrayer,  nnquestionably  a  speciea 
distinct  from  tho  former  ones,  and  it  is  by  no  means  accidental'^that  it  oomes  from 
the  "Oalcaire  blanchlttre  ".  while  all  the  three  former  come  from  the  *'Calcaire 
jaunMare." 
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,If  we  go  through  the  description  of  the  three  speoieB  it  is  impouible  to  find 
out  a  distinguishing  feature;  Pectin  houei  htm  **S6  edtes  rayoDiuuitieB,"  so  does 
Peeten  fatrei,  and  Fecien  hopkimi  has  26 ,  the  authors  thotnselres  say  of  Pecten 
bouei  "cetto  espece  n'a  point  de  caracteres  bien  particulicrs. "  But  the  others  have 
even  still  lew,  and  I  should  thinic  therefore  that  these  three  species  may  well  he 
united  under  one  and  the  same  name,  unless  future  ezamloaitions  seenre  their  speoifio 
independence  better  than  it  Ittt  been  done  by  Messrs.  d'Arcbiao  and  Haime. 

Pecten  koienianuB  bears  a  great  likcnrss  to  cither  of  these  tlirco  species,  and  I 
have  still  my  doubts  whether  it  should  be  considered  as  a  distinct  species  or  not. 
The  general  appearance  is  Tery  much  the  same^  and  for  instance  figures  8  and  4 
{Pecten  hopkimi)  or  figures  5  and  Sa  nf  Pecten  fatrei  could  at  any  moment  be 
oonsidertd  as  identical  with  Peoiea  kokenianm.  I  wish,  however,  to  point  out  the 
differences  which  led  me  to  consider  it  a  distinct  species.  Peetea  hokenianvt  does  not 
seem  to  have  attained  the  same  size  as  any  of  the  specimens  described  by  Messrs. 
d'Archiac  and  Ilaimo;  this  mnv,  however,  be  ovorlookcd  inasmuch  as  Pecten  /arret, 
figure  5,  is  only  slightly  taller  than  the  largest  specimen  of  Pecten  kokeniauutt  The 
more  important  feature  is,  however,  the  ornamentation  of  the  intecstioea  of  Peelen 
koLcni-diiiis,  as  nnne  of  the  species  described  by  MoMTS.  d'Archiac  and  Ilaimo  ex- 
hibits this  character ;  but  its  absence  does  not  prove  itsnon-ezisteooe ;  it  is  a  very 
ddfeate  ofaaraoter,  wtuob  is  easily  worn  off,  and  there  are  nnmbeis  of  speounens 
whieh  even  do  not  show  a  trace  of  it.  It  is,  therefore,  not  impossible  that  one  of  the 
above  named  speciea  possesses  this  character ;  and  the  question  of  the  relationship 
of  Peetea  koketUanut  with  those  from  Western  India  must  therefore  remain  in 
abeyance  tiU  the  examination  of  the  Tertiary  foesils  from  Bind,  Kntoh  and  Eathiwar 
is  completed.  * 

In  looking  for  relatives  in  the  Tertiary  fauna  of  Java  and  Sumatrn,  -sve  find 
some  species  which  appear  to  be  close  relativfls^  but  it  is  diiBoult  to  say  whether 
they  am  aotnally  Meottoal  with  the  P^eUn  Mtuiamn  wltliout  having  spcoinens 
for  oompariaon. 

Professor  Martin '  mentions  and  figures  under  the  name  of  Pecten  senatoriut, 
Gmelin,  a  species  which  apparently  bears  the  closest  relationship  to  Pecten  kokcnianm. 
In  fact  I  would  feel  inclined  to  identify  it  with  that  species,  were  it  not  that  the 
rather  incomplete  figure  is  not  acoompanied  by  a  deseciption.  Martin  simply 
states  that  the  specimen  figured  agnOB  Vp  tO  the  last  detail  With  PecUn  •etUrfOrtW, 
Gmelin,  from  the  Indian  Ocean. 

In  a  subsequent  paper  '  Professor  Martin  gives  a  new  figure  and  description  of 
the  f  oadl  P«efoi»  sMM^snAie,  Beeve.  The  fl^ipne  oeanot,  bowerer,  be  said  to  be  a  clear 
one.  The  shell  figured  k  a  Mt  valve  which  exhibits  30  ribs,  and  therefore  as  regards 

the  f^eneral  shape  agrees  very  well  with  the  species  from  Burma,  but  I  am  unable 
tu  say  whether  it  exhibits  the  punctured  sculpture  of  the  interstices. 


*  Brilr.  ar  CM«.  <M  4*M  sad  iHlidiwb  Td.  1.  un-ei,  Mt  nr. 
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Profewor  Martin  was  also  struck  with  the  likeness  of  the  species  descrinptl  by 
him  and  Feeten  bottei,  d'Arch. ;  in  fact  he  goes  so  far  as  to  coni.idcr  them  both 
idemtioftL  I  hvn,  homver,  pt^ted  oat  why  I  pnfor  not  to  go  to  that  kngtb,  Btthoogh 

I  quitn  ngrrc  with  Profc^snr  Martia  tt  to  the  rflD&uitr  of  Pe0fM  tolMj,  d*  AfOlu 
with  the  species  under  discussion. 

JtthUhaA  pabUcation*  Profflsaor  Mutb  ihemm  ft  nuniber  of  Tarieties  bo 
bad  ezamiued,  although  none  is  figured. 

Bajttscer  '  mentions  three  species,  Teclen  bouH,  Pecleti  /arret  nnd  Peclen 
hopkwti  from  the  Eocene  of  Borneo,  but  whether  these  species  arc  really  identical 
or  not  witb  lisMn.  d'  Aidiiae  and  Haime'a  apeoiM  ma  j  be  qneitioiiad,  aa  alioady  men' 
tioned  by  Professor  Martin.  All  species  are,  boverer,  certainly  different  from  I*eeten 
kokeniopiu.  Ifo  living  relative  of  Pecten  kokenia»tu  could  be  found  among  the 
fauna  of  the  Indian  Ocean,  and  we  must  suppose  tbat  it  represents  an  extinct  type ; 
OB  tbo  otbw  iMdt  it  ia  ipiito  «?M«nft  tbal  tta  neaMt  idatim  ftre  apaoiea  Uko 
Feetem  rteamUhtit  8oL,  fEom  tbe  Booene  of  Bntope. 

Pecten  irravadicos,  spec  nov..  PI.  IV,  figs.  7, 8. 

IfltS.  PitlmJImti,  VMtliag,  MiooMia  turn  Upfwr  Barm*,  M«m.  QmAag.  Hntj  e{  lodi*,  T«).  ZXVII.  Fk  1.  r. 
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The  shell  apparently  attains  a  larger  siae  than  that  of  Fecten  kokenianutt 
at  laaat  none  <rf  typical  spedea  of  the  latter  bavo  been  obaemd  to  maoh  more 
tban  80  mm.  in  length,  while  the  tallest,  thongb  fragmoDtary,  apodaieii  <tf 

tbia  measures  nearly  37  mm.  in  lengih.  Tlie  material  at  my  disposal  is  not 
avffieient  to  say  whether  the  amplitude  of  variation  is  also  larger ;  the  above 
flgorea  aeem  to  hist  in  tbis  dlraotion,  and  tbey  further  aeem  to  indieate  tbat  thesbell 
is  usually  more  elongate  than  that  of  Ptff/e»  kokenianuif,  there  being  four  speci- 
mens among  11  whicb  have  an  index  of  1*20  and  over,  while  all  the  48  specimens  of 
Ptoiem  koiemtauvt  had  an  index  of  under  1*20.  This  diilorenoe,  though  apparently 
•  dianotoristic  feature,  is,  however,  only  obaerrable  when  a  greater  number  of 
specimens  is  under  observation,  and  therefore  nuAm  for  the  disttnetioo  o(  isolated 
and  fragmentary  valves. 

The  shape  at  the  ralve  is  exactly  the  same  aa  that  of  Feeten  Mtnrimimt  and  it 
is  useless  toieiterate  the  description  ;  the  cttief  dUIaiaiMe«msiab  in  the  omanMintai* 
tion,  there  are  up  to  40  rounded  radiating  ribs  ssep.-jrated  by  somewhat  narrower  in- 
terstices; one  of  the  chief  features  of  Peclen  kokeniantig  was  tlie  uniform  strength 

'  Beitf.  KIT  Gwlog.  0(t  Anew  nnd  Auitniicoa.  Vol.  III.  lS^.s;,pag<!  iti. 
■OldMirfiiMtevMltant*.  OMHt^UTCMiiaC. 
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and  regularity  of  thoribs,  butia  this  speoioB  just  the  opposite  takes  place  ;  the  ribs 
vaiy  much  ia  strength,  some  an  broad  and  atrong,  others  thin  and  slender;  increase 
of  number  by  bifiin»ti(»t  a  faatme  vUoh  hM  sot  bam  obierfcd  is  aaj 
apecimen  of  Feclen  Jclfnianug,  frequently  takes  place  in  this  spct-ies.  The  rihs  are 
oroaaed  by  fine  concentric  linea,  bat  it  muat  leinain  undecided  whether  the 
intentkea  m  punotnata  aaia  Pawfaa  ioimiMM  ov  aintiplr  oroaaod  hf  cnMmtrio 
lines;  if  the  lattar  iMM  to  IdM  jImb  uuCber  good  diatiiiotiTB  latt^  JPtoimt 
kokenianut  were  given. 

Geological  otftfiirreww.— 

ZoDa<tf  J(^MI«a«<00B«4Mta»  Blagn. 

ZOM  at  Meiocardia  metatmlgaris,  Sin^a. 

Zona  of  0«Heeliaria  martiiAiuuh  Minbu. 

Zone  of  Paraogmihn  camiUM,  Tenangj  at. 
SffRorif. — This  species  is  a  very  common  one,  but  it  ia  qnito  oariidn  that  it 
aorer  occurs  together  in  the  bame  beds  with  Tecten  kokenianus. 

Ko  living  relatives  bare  been  found  among  the  fauna  of  the  Indian  Ocean,  and 
.Ffefm  krwMMm  mpnaaii  aa  ezttnel^rpek  flw  pcQbaUaxelatioQi  of  wUoli 
OOOWt  Mm  thoiB  ot  P§Hm  kokmtiamu,  in  the  Booene. 

Ttaiily  :  JFICUIIDjE,  d'Orbigny. 
Sub-lamily :  ATICUUNJB»  Stolioaka. 
Goniia  t  ATIGULA,  Ekuo* 
wniXA  iiniBUiiA,apeQk  w»r.»  PL  17,  figa.  9a  Ot«10,  Vkt,  11. 
Mauraainan. 
iMigth.  Htdtit. 

9.      »       as    .     (»)      IM  . 

I.       »         r     ..      (e)       90  . 

(a)  TVitlUMit  libe  ventral  auricle  ;  if  tho  length  of  the  ventral  ear  is  eetioiatod 
at  12  mm.  tbe  total  length  of  the  hinge  margin  iraa  not  leaa  than  48'7  mm. 
{h)  Ibalenody  not oODplotoi  vantial oa»  11*7  nnu in bngtii. 
(«)  FoaAeciiir^  not  complete ;  lengtli  of  ventral  anikle  18  mm. 

a.    •     ao  on..  W  M  « 

3.        „  31 

(a)  Leogtb  of  tbe  ventral  auricle  Q  mm. 
(i)  Not  complete. 

Thoa^  rather  common,  well  pawaBrred  apedmana  ftwian,  ta  Itapfoan  that 
tbe  naoceooa  anbataoce  of  tbe  shell  was  strongly  affected  by  Bome  cheniical  process ; 
the  spceimcns  are,  therefore,  very  brittle  and  no  completely  preserved  valve  haa 
come  under  exanunation,  and  the  characteia  had  to  be  oombined  from  esanuaatim 
of  a  nxunber  of  ipcoinflDat 
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The  shell  of  con-ii1prft1ilo  size  is  inequivalTe,  and  TWy  ineqailatfllll«  obUqulf 
oral,  smootlu  with  a  large,  well  set  off  Teotral  auricle  in  each  ralre. 

(a)  EtgM  «aliw.— The  right  Talw  n  obliquely  oral  in  shape,  apparently  height 
and  length  were  equal,  altbou<;b  it  is  possible  that  the  height  exceeded  fhe  loDgth 
just  a  little.  It  is  ratlier  flat  and  very  inequilateral ;  the  pointed  umbo,  -which  does 
not  ziae  above  the  hinge  margin,  lies  nearly  terminal,  just  above  the  byssal  linua. 
The  antarior  andTentral  margin  fovni  a  broad  oblique  oorre ;  the  posterior  margbi 
was  apparently  straight,  only  a  little  ainnated  in  its  middle  part,  joiniug  the  cardinal 
margin  at  a  pointed  angle  and  passing  ia  ft  moderate  ureep  into  the  ventral  marg^; 
the  hinge  line  is  long  and  rectilinear. 

Tbe  donal  anrimle  k  fll^deOiwdtlinaidud  not  mil  Ml  oO  ftmn  ihe  nmainder 
of  the  vnlve;  the  vctitr-tl  niirirle  is  well  aiadnd ofl* COmfniiirely  diorlk Kliterioilj 
rounded,  showing  a  deep  byssiferous  notch. 

Ligamental  area  inclmed,  rather  bnwd  under  the  umbo ;  surface  amootbi  hardly 
•ny  traeea  of  lines  <>f  i^Towth. 

(S)  Left  r>dr,\ — Left  valve  apparently  of  the  same  size  and  shape  as  the 
right  one,  but  much  more  inilated ;  umbo  and  ped&l  region  strongly  tumid; 
vential  Muiele  lavge,  well  marked  ofl^  poiatad  at  Ito  extremity.  Donal  anridb 

tbeaame  at  in  the  ri<;ht  valve. 

AeooidiDg  to  Bernard  the  general  hinge  formula  of  Avieula  a  as  follows  :— 

Right  valve  :  A.  Ill :  1 1  L  I  P.  I :  III 
Left    valve :  A      II    |  L  [  P.  II 

The  liogular  fact  should,  however,  be  noticed  that  tbe  number  of  lamellsB  in  each 
Tilre  ii  not  constant.  Generally  two  lamdka  occur  in  the  right  valve,  but  there  are 
inwtanopg  where  two  lamallm  are  derdeped  on  each  ode  in  the  Talve.  AoltuXm 
tMttiana  exhibits  another  instnnce  of  this  variability,  ina'.ninch  af  tliore  are 
oeitainly  two  dorsal  lamelles  in  the  left  valvo)  which  should  bo  termed  LPU 
and  IV ;  LPII,  the  posleiioir  one  of  tlie  two^  ia  eomidetably  stronger  than  LPIV; 
the  ventral  tooth  LAII  is  short,  but  very  atroog,  onrvad  upwards.  Tbe  hinge  of 
the  right  valve  lias  not  been  observed,  but  it  is  quite  certain  that  only  one  dorsal 
lamella  was  developed  wkioh  should  be  termed  LPUI,  while  there  was  also  a 
abort  low  ventral  lamella  above  LAII  which  corresponds  therefore  to  LAI. 
Owing  to  the  strong  incurvature  of  the  umbo,  LAI  lias  not  lecn  wtU  olisorved, 
although  it  is  quite  certain  that  it  existed  in  apparently  a  very  weak  condition. 
The  hinge  formula  of  Aviovla  nemUoM  would  therefore  be : 

Kicht  valve  LA.  Ill  :  11  L    LP.:  Ill 
Left  valve    LA.    U    |  L   LP.  XI   :  lY 

Oeologieal  occurrence. — 

Zone  of  Meiocardia  metavulgaris,  Singo. 

Bemark^, — It  is  strange  that  the  rich  Miocene  fauna  of  Java  and  Sumatra  does 
not  contain  any  species  of  Aviculo,  the  only  species  known  from  these  regions  is 
Avicuta  pefegrima,  Bmttger,'  from  Borneo.  The  general  oatline  of  this  spedea  ia 
appawntly  much  the  same  as  in  the  species  here  described,  but  Boettgor's  figure  ia 
>  JCMiafonMUm      BaSN.  CmmI  1&7(,  f*g*  M,  Si.  Yill,      83 10)4  B4,  a  ui  i. 
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not  particularlj  a  good  nno  ;  it  oortninly  appears  to  me  that  in  Ameula  »ttei»iana  the 
angle  formed  by  a  lino  drawn  from  the  umbo  towards  Iho  junction  of  postericn* 
and  vnitnl  maigin,  i^,t  foUonrin;  tiie  line  of  the  highest  gibhodtf ,  ii  note 
pohltcd  thnn  in  Arieitla  peregrina. 

If  we  look  among  the  living  species  for  relatives  we  may  at  once  eliminate  all 
the  long  winged  and  scaly  species.  Among  the  samainliig  qMoies  lliere  is  only  one 
irhioh  exhibits  some  similarity  to  the  species  bwedMovihed;  this  itAvieula  elec/rina, 
Keeve,  from  the  Mollucns.  This  ^^pecios  is  apparently  more  oblique  than  Avicula 
tuesiiam,  and  there  is  some  ditlcreQcc  in  the  dorsal  portion  of  the  shell.  In  the 
floMit  speirfes  (he  dorsal  part  of  tlie  posterior  margin  mns  nearly  perpendioolar 
tothe  cnnlinn!  marprin,  and  is  flatly  sinnated  in  the  middle  part,  thus  forming 
an  iU-defined  dorsal  auriclOi  In  AvinAo  ^eoMna  it  runs  very  obliquely,  forming 
an  obtoM  angle  with  the  hinge  line  and  is  liardlj  shinated. 

2.  Suh^iamily :  VULSSLLIN^,  Stolioaka. 
Genns :  VULSELLA,  Lanwrdb 
YvUMLbk  ]inflVa>n«£i8,  spec,  nor.,  PI.  IT,  flgs.  12,  IS,  14, 

Meadubekbhtb. 

iMgtIb  Hmghk  Ua, 
fS-rm.  .  leaam.  .  MS 

The  shell  is  imegiilar  in  shape,  generally  transrersely  oval,  somewhat  tongne* 
shaped;  the  length  exceeds  tho  height  oonaiderahlj  and  the  index  L/H  is  theiafofle 
rather  high;  it  is  apparently  sub-cqui valve,  very  inequilal^'ral  and  rather  flat. 

The  umho  is  pointed,  strongly  turned  in  dorsal  direction,  almost  terminal. 

The  pedal  tegion  is  nearly  radimentaiy,  the  siphonBl  ragion  vofy  elongate  and 
hmd. 

A  part  of  the  cardinal  margin,  the  anterior  and  ventral  margin,  form  rather  an 
irregular  cmre,  whieh  is  strongly  tamed  in  dorsal  direotion  at  either  end ;  the  po«- 
tenor  margin  is  long  and  forms,  together  with  a  part  of  the  cardinal  margin,  an 
imgnlar  ourvo,  which  posses  at  eitlior  end  into  the  anterior  ventral  curve. 

The  ornamentation  oonsists  of  numerous  lameiloua  concontriu  stride  of  growth 
following  eaeh  other  in  irssgnlar  intemls. 
Internal  characters  not  obseiTed* 
Ototogieal  occurrence.— 

Zone  of  MyttlMt  mteo6ariom»,  Singn. 
Zone  of  MHocardia  melavulgarit,  Singu. 
Zone  of  Paralletipipedum  protolortaoanvi,  Kama. 
Bemttrkt. — The  advisibility  of  giriag  a  specifio  name  to  the  species  hera 
described  may  perhaps  he  qontioned,  hat  as  hitherto  only  one  species,  VuUella 
tegmmeth  d'Arch.  and  Ilaime,  has  been  described  from  Western  India,  aspeoies 
vhieh  la  eertainly  different  from  the  one  here  examined,  and  as  no  other  ipeoice  h 


Digitized  by  Google 


PAUNA  OF  THE  MIOCENE  BJ-DS  OF  BURMA. 


125 


known  either  from  the  Tertiary  system  of  Burma  or  from  Java  and  Sumatra,  a 
Biitake  is  not  likely  to  occur,  although  the  description  learw  modi  to  be  denied* 

VtUelU  U0tma'Ugri$  k  cmOj  distiaguished  from  VulttUa  legume*  bj  iti 
smnll  >r  sizo,  its  mom  oUoiif  and  k*  Momniaato  sbape^  tod  ibe  mwe  ddibate  elite 

of  growth. 

I  cannot  find  any  IMng  epedea  to  irinoh  I  might  ennpaie  the  IGoome  tmd, » 
comparison  which,  ovring  to  the  rather  dafoettre  etate  of  the  foeril  apenimen^ 
would  perhape  be  of  no  great  ralue. 

Family  :  MYTlLID.f;,  Tjimarck. 

1.  Genus:  MYTILUS,  Bm-i.Ve. 

llniLOt  (BnnmO  incK»a.aieiii,  Beev-e,  Pl.  IV,  15a,  16, 17, 17at  PI*  Y« 

figs.  1,  la. 


(•)Illllffllft. 

(b)  Kigkt  T»I«. 

Height. 

L./H. 

LenKlh.  Heijiht. 

im. 

1.  »>|BHU 

.  ^-Sbbu 

.  SU 

L  SMam..  14-7  MB. 

.  Mt 

%  aeo  • 

.  m  • 

.  t%t 

»  I0«  »  .  U-4  • 

.  »lt 

■  MM 

«.  »4  n  .  IM  , 

.  MNt 

4.  m  . 

.    »l  . 

.  i-w 

4k       n  .  lao  ■ 

5.   273        .    ia-9  „ 

.  4-10 

.  211 

The  shell  is  transTerselj  rhomboidal  in  shape,  very  inequilateral  and  much 
kngor  than  high.-  The  index  L/H  ii  therefoM  lather  h^  and  if  from  the  above 
few  specimens  an  idea  may  he  formed,  the  amplitude  of  Tariatian  i»  xathar  larger 
inaamuoh  aa  the  formula  would  be  as  follows  : — 

a  2i  (  s  07C  oiatli. 

1-90  I  SXWl  <de. 

This  rather  large  nmplitude  is  chiefly  caused  by  the  smallest  spr* cimnn  having 
a  comparatively  small  index  190,  but  as  it  is  well  preserved  and  the  measuremeats 
aeeurate.  It  ii  probable  thai  in  yoong  epedmena  the  ialatk»  balireen  length  and 
height  diffL-red  somr  wliat  from  that  of  full-grown  specimens,  and  that  the  young 
specimens  appeared  therefore  less  elongate  and  much  higher.  That  the  small  index 
1*90  is  not  an  aoeldental  exception  wemi  to  be  proved  by  the  obeervaliai  tiiat  in 
the  above  formula  the  mathematical  average  of  2*075  coincides  as  nearlj  ae  possible 
with  the  talciilntcd  avorngo  of  2'081.  However,  further  observations  are  required  to 
confirm  the  above  view  as  to  the  variation  of  shape  of  this  species. 

The  umbo  ie  very  painted,  knr,  dqpceased  and  nearly  teminal,  being  direeUy 
above  thft  anterior  margin. 

The  pedal  region  is  very  short  and  rudimentary,  the  siphonal  region  long  and 
bsoedly  expanded. 

The  anterior  natgin  ia  eitremely  rimct,  f  omhig  a  right  Angle  vith  flie  long  and 
■taaight  ventral  margin,  which  is,  however,  just  perceptibly  sinuated  in  its  antnior 
part.  The  posterior  margin  is  veiy  long,  angulariy  broken ;  its  ventral  portioa  ia 
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broadly  roundcil  and  passes  in  a  broad  sweep  into  tho  vontral  iinr^in ;  its  dorsal 
portion  is  straight,  nearly  parallel  to  the  ventral  margio,  forming  an  obtuae  angle 
with  the  atnigfat  obliqne  caidiBal  maigiii ;  the  latter  forms  a  Tery  pointed  angle 
villi  the  ventral  margin. 

The  surface  is  moderately  inflated  ;  a  strong  rounded  keel  runs  from  the  umbo 
towards  the  juiMtifm  «l  Tentnl  and  posterior  nargiii,  dirfdlngfhe  TilVMin  two 
very  unequal  portiou;  the  yentrul  portion  is  narrow  and  drops  nearly  perpendU 
cularly,  exhibiting  a  very  shallow  depreuion  in  thiB  middle,  while  thedonal  poitba 
is  broad  and  gently  inclined. 

The  whole  nirfBoe  is  doN^  eovwed  with  flne^  loond,  little  bngvlar  radiat- 
lag  lib*  aeparated  by  linpar  intersttres.  Towards  the  margins  these  ribs  often 
bifoieate,  but  sometimes  new  ones  are  interoalated  between  the  older  one«.  Ribs 
and  interstices  are  crossed  by  numeroos  reiy  fine  oanoantric  linear  whioh  are,  how- 
ev«ri  easily  worn  oCF  on  the  ribi,  and  wall  pfawmd  only  in  tha  Intanttees^  whaie 
thej  produce  a  delicate  latti'je  work. 

Owing  to  the  shape  of  the  shell  the  arrangement  o£  the  ribs  is  a  paooBar  one  ; 
tbeia  ara  thiee  primaiy  bnndka  of  libib  me  on  tiie  Tentral  portion,  and  two  on 
tho  dorsal  portion  of  the  shelL  At  far  as  can  be  judged  these  bundles  are  not 
differentiated  during  the  nonlo<?ic  Rtaf»e,  but  with  advancing  size,  the  growth  of  tho 
shell  forces  the  primary  bundles  to  diverge,  beoause  each  rib  continues  to  grow  in 
a  atcaigfat  direotion,  and  aeoondarj  riboi  wbuA  thavabne  do  not  naali  tlio  umbok 
appear  in  the  intermediate  spaces. 

The  two  dorsal  bundles  exhibit  this  feature  very  well,  whiio  it  is  less  well  seen 
botween  the  Tential  and  donal  bondla. 

Internal  ohaiaelon  not  obanred. 

Oeologieat  occurrence.— 

Zone  of  MytUut  niocharieut,  Singu. 

JtMoarla.— No  dmilar  tpeoiea  baa  been  deaoribod  either  f  ram  Weatem  India,  or 
Java  or  Sumatra,  but  it  is  quite  certain  that  the  living  ilylilua  {Seplifcr)  uicobarieue 
from  the  JSicobar  Islands  is  identical  with  the  Miocene  species.  The  shape  and  the 
ornamentation  is  so  ezaotly  alike,  that  I  fail  to  discover  any  differenoee. 

2.  Genus  :  MODIOLA,  Lamarck. 

Tiro  species  belonging  to  this  genoa  havo  bean  deaoEibad  whioh  oan  be  eaailj 
diatiagaished  in  the  following  way 

A.  Shsll  miy  ^bbras,  Tntiel  yectioa  aviow,  popandiealsrly  iosbsii 
1.  Maii$k»mUUm,wtm.vor. 

B>  Bbell  less  iiin;ited,  vpotral  portion  broad  aad  Jas  steiply  insHotd. 

Ifonad  it  impoeaible  to  aattle  the  quritioii  xA  the  relationship  of  these  two 
^eiei  1»0lh  b^g  too  ill^nserved  and  tiMir  Ofeanetaia  too  indifferent  to  allow  of 
a  comparison  from  figures  only.  It  seems,  however,  oertain  that  Viuth  species 
represent  types  whicii  are  extinct  among  the  present  fauna  of  tlio  ludiau  Ocean, 
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but  whether  their  nearest  relatives  lived  in  the  Eooene  of  India  or  Europe  cannot 
he  stated  jet.  There  are  certainly  some  species  amon?  the  fauna  of  the  Paris 
Eocene  like  Modiola  mbonffuMo,  Desb.,  which  exhibit  a  certain  similarity  with 
KmlMa  Mdkaiea,  but  oothiiig  ou  be  aaid  with  ngaid  to  ModMa  ptemdo- 
buddiaiom. 

Modiola.  sinnxHAnu,  fpeo.  nor.,  PL      flga.  18, 18a.  PL  Y,  fig.  2,  a-i. 

MusvsiMnm. 

(a)  CnnipM«  iImH  .  86  0  mm.  .  U'S  mm.  .  Il  umir..  .  2°S6 
(6)  Uigbt  Tklra      .  M  6  M      •   H'i  m      .   91     „      .   8 16 

The  shell  which  apparently  does  not  attain  a  large  size,  is  transversely  eloDgaie, 
kidiuj  shaped,  and  mnch  loo^  than  high  ;  the  index  Ti/n  is  therefore  rather  high 
thongrl!  it's  amplitude  is  not  known  for  tho  prcHcnt ;  it  Ls  very  inequilateral  and 
strongly  intlated.  The  umbo  is  small,  a  litUe  painted,  depressed  and  terminal,  right 
on  the  anterior  mai^fin. 

The  p<!dal  region  ii  Tefj  duHCt  and  MidffDeiitiijt  the  liphoiial  legioB  elongate^ 
enrred  and  narrow. 

Tho  rounded,  very  short  anterior  mai^in  merges  into  the  long  ventral  margin 
vhkb  ia broadly  simutteiiiitbe middle.  The  postarioramigiiiwliiobifl  kngaad eon- 
vex,  forms  a  ixjinted  angle  with  the  ventral  margin,  the  corner  of  wliioh  is  rounded 
off,  and  a  vciy  obtuse  angle  with  tho  short,  oblique  and  straight  oardinai  margin. 

As  both  ralTea  an  strongly  inflated,  the  total  thiokiiees  of  tho  Bhsll  ezoeede 
its  height  cuasiderahly.  An  obtuse,  curved  kedl  begins  ftt  the  umbo  and  runs, 
gradually  hoeorain^  flatter,  towanls  the  posterior  comer;  on  the  ventral  side  of  this 
keel  the  surface  drops  nearly  perpendicularly,  being,  however,  slightly  concave  from 
a  shallow  median  dnpewnn,  which  brosdly  sinuates  the  tentnl  marg^  Behiiid 
the  keel  the  cot&oe  dnpe  less  steeply.  Hmm  ii  no  eiubee  omamemtation,  eioept 
e  lew  fine  oonoeD.fene  lines  of  growth. 

Oedogieal  ooMrreMe.^- 

Zone  of  MytUiu  uMbaHem,  Sbgn. 
Zone  of  Meioeardia  metavulgarit,  Singu. 

Xtfmerit.— Messrs.  d'  Arohiac  and  Haime  have  described  two  species  of 
Mftttm,  wbidii  es  abeady  Bosttger  mmarind,  ought  to  be  better  eonsidered  es 
belongtng  to  Modiola,  viz.,  MytUut  nummulilicm  and  Mytilut  $ubobtu$ut,  both  of 
which  bear  no  similarity  to  the  species  here  described.  Btsttger  describes  a  new 
species  Modiola  {Braehydonte$)  toehophora,  which  is,  however,  also  widely  different 
from'tiia  Bvnna  spedea. 

Modiola  aubantjulafa,  Beshayes,  from  the  Calcairo  crroifsicr  siip^rieur, 
although  distinctly  different,  mi^^ht  perhaps  be  compared  with  Modiola  buddhaiea, 
■whSxh  is,  however,  less  broad,  apparently  higher  inflated,  bat  the  obief  distingnishiiig 
feature  consists  in  tho  narrow,  perpendicularly  inclined  ventral  region  <A  the 
nlTe;  in  Modiola  mbangulata  this  part  is  rather  broad  and  srently  inclined. 

No  relatives  are  found  in  the  Tertiary  beds  from  other  part£  oi  iiurope,  and  we 
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have  to  turn  to  the  living  species  for  comparison.  A  large  number  can  be  excluded 
at  once,  and  among  the  remaining  gpedeB  there  is  hardly  one  which  bears  any 
liiBihucity.  MoiMo  lralll«j>  Bi«en,  from  Malaooa  oonld  in  &  distant  my  be  oom- 
pand  wifli  the  ■Riiritn  spocios,  inasmuch  as  exhibiting  the  same  narrow  and  rtMp 
perpendicular,  rential  region,  but  in  all  other  regards  it  ia  perfectly  different. 

Ibe  oliief  disHnguishing  featniw  of  MoiMa  MUMca  sre  fhenfore  its  greet 
gibbosity,  its  short  c  adinal  margin  and  the  narrow  periwndicularly  inolined  rental 
poitioii  of  the  aorfaoe,  in  oonneotion  irith  »  steeply  inolined  dorsal  one. 

MoDloJA  PSErDOBUDDHACiA,  spec,  nov.,  PI.  V,  figs.  3,  3a. 

bngttt  Height.  I'/H. 
15*6  nin*    •   17'8  niiLt    .  8-00 

The  shell  is  transversely  elongate,  mnch  longer  than  high ;  the  index  It/K  It 
tfiaefoie  mthwr  hi|^  ;  it  is  moderately  iuilatoJ  and  very  inetiuilateraL  The  mnbo 
is  obtuse,  dt^pressod,  very  prosoi^'j  ric,  and  right  above  the  anforior  man^in. 

The  pedal  region  is  very  short,  rudimentary,  the  siphonal  region  very  long, 
broadly  expanded.  l*e  anterior  i»  very  short  lomided  and  fbmie  a  light 

angle  with  the  long  and  straight  rentral  margin  which  is  sVn^hWy  simutMl 
in  the  mid<lle  Tlic  iwmtcrior  margin  is  long,  convex,  anteriorly  ioclined  and  forms 
apparently  a  pointed  angle,  the  comer  of  which  is  rounded  off,  with  the  ventral 
maigin.  Tka  eaidlnal  margin  is  long,  straight,  obliquely  indined  and  f onns  an 
obtuse  angle  with  the  pnsit  rior  mari^in, 

A  flat  broad  keel  runs  from  the  umbo  to  the  posterior  comer  ;  on  its  ventral 
tide  the  surface  is  moderately  indined*  hsTing  a  hioad  and  diallow  defpreasiam  in  the 
middle;  <m  the  donal  side  the  surfaoe ii  atiU  less  inclined. 

The  ornamontatinn  consists  of  OOBzae,  oonoentrio  siiim  of  growth  on^. 

Qeob^ical  occurrence. —  ■ 

Zone  oi  XftUut  nteoborlw*,  Bingn. 

femeris^— It  was  with  groat  rcluctaiic  that  T  dealt  with  this  sinsle  specimen 
nnder  a  new  name,  liccause  its  similarity  to  Modiolo  buddhaiea  is  very  great,  but 
on  comparison  of  the  two  specimeiu,  certain  disUnctiTe  faatoiea  were  notioad,  of 
which  I  am.  howerer,  not  quite  certain  how  far  th^aie  to  be  lelied  upon,  as  only 
a  lingl"  specimen  has  come  under  consideration. 

With  regard  to  the  general  shape  it  will  be  aeon  that  the  shell  of  Modiola 
buddhaiea  is  carved  in  donal  dinetion,  while  it  is  nearly  straight  in  ModMA  p^udo- 
budiMMt  *lio  former  species  remains  narrow  in  ventro-dorsal  direction  tliroughout, 
while  the  latter  is  broad  ly  cxp&ndcd  towards  the  siphonal  region,  aud  in  the  tirst  species 
the  posterior  margin  ia  very  long  and  broadly  curb  ed  and  the  cardinal  margin,  on  the 
other  hand,  Tei7  short;  in  the  seoondapeoies  the  posterior  ma^iarelatiTely  short, 
while  the  cardinal  mar-in  is  hnv^. 

The  great  gibbosity  and  the  perpendicularly  inclined  ventral  region,  form  a  very 
charaoteristic  feature  of  IMMm  tedctteiow.  Modiola  ptetaobtiddhaiea  i»  modi 
leas  i*><*i^««^  and  the  Tentral  nghn  is  mnoli  less  inclined. 
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I  think  that  the  aboro-meutioued  diHerences  jastifjr  a  speeific  separation ;  no 
living  or  foeall  nlatiTe  of  tiiia  qpediM  oonld  be  tnoed. 

Genna:  UTHOSOMUBl  Cnvior. 

LrrsODOiirs,  spec,  PI.  V,  tigs,  t,  a-b,  5. 

Of  frequent  occurrence  are  nodules  o£  clay  which  arc  perfectly  riddled  by  the 
holes  of  «nnB  bunowing  mdhuk.  Hie  holea  beeame  afterwuds  filled  up  with 
Mndy  material,  and  they  reprearat  now  tho  -n-oll-known  olub-shapod  casts,  ^nerally 
attriWted  to  the  genus  LUhodomm.  The  shell  which  has  produced  these  holes 
cannot  have  been  a  large  one,  aa  the  majority  of  the  casta  moasuro  under  10  mm. 
Then  are  only  veiy  few  qieeimena  which  are  laigeir,  the  largest  measoring  25*6  nun. 
in  Ien!>th,  baring  a  greateal  thiolmeta  of  12*5  mm.  As  Is  nsoal  with  this  spedfli,  its 
ooourrenoe  is  gregarious. 

Ko  trace  of  Ihe  aliell  haa  been  pieaerved.  I  ie£nin  thenBoM  fitom  giving  a 
specific  name  although  I  think  it  nsefol  to  ffin  a  figure  bgr  wagr  of  iSnatnting  the 
ohaiacteristical  (K'cmrrenc*. 

Cfwioffical  oocurrence.— 

Zone  of  J(W00anMe  mttovidgari»»  Singu. 

Eamily :  FISNWA  Qtaj, 
Qeam :  PINNA,  lanaS. 

Pinna,  si'ec. 

There  are  a  few  casts  which  exhibit  the  characteristic  triangolar,  pointed  shape 
and  the  ehngate  ndiating  ribs  of  the  genus  Fimta  ;  the  specjmBDS  ai^  however,  too 
badly  preserved  to  allow  for  a  specific  determination.  To  judge  from  their  apiicar- 
ancc  the  Rhell  was  certainly  smaller  than  Martin's  Finna  ceriltuM,  provided  that 
species  attained  the  size  attributed  to  it  by  Professor  Martin. 

(Megiet^  eeourrmM. — 

Zone  of  Pholas  orUntalit,  Thayetmyo. 
Zone  of  OanoeUttria  martitii«m»  Minhu. 

Bsmilj :  ABCtSMt  Lamacelc 
Snb'lamUjr :  ABCinjB,  H.  and  A.  Adama. 
Genna:  AB€A,Linn& 

So  fn  tho  genus  Area  has  famished  the  largest  nnmber  of  weD  determined 

qpecira,  viz.,  11,  or  if  the  independence  of  the  gMUIS  Famllelipipedum  is  not 
iMOgniaedthenaie  12  speoies  altogether.  The  msjorily  appear  to  bekmg  to  the 
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•nb-geniu  Anomaloeardia,  but  then  an  throe  tpeoiM  whioh  probably  repri>8ent  a* 
many  mb^genaa.  Hia  fitUowing  u  tiie  $puiijpih  <d  flw  qiemei  bene  diatingnkbedt 

A.  Shall  tr»nsvcri*ly  <:lonir:tti», 

(4)  Bib*  roanded,  gnmular. 

(m)  An  ribs  of  the  left,  hat  ttafy  the  ■steriof  nx  ribs  cf  tfat  right 

granular. 

1.  AfM  iurueti,  d'  Archiao  and  ilaime. 
(U)  AS  RiMoCilw  left  Md  right  mbtgMuikr. 

(i)  BiIm  U)pnilar>  smooth  and  flat, 
(flu)  A :1  libs  undivided. 

{ii)  Only  a  fnr  uterior  ribi  bifovotfed. 

4.  jlrca  mftabittriyala,  spoc.  nov. 

(ce)  All  rib*  bi6u«ati|ri«  vxoept  the  fow  hindiiKWii  odm. 

5.  .ifM  iitttiftttM,  SaJnr. 

(0)  Rib^i  mundoil,  smontb. 

(aa)  Furrowed  ou  top. 

9,  Am  tiMamUmm,  agte,  aw* 

B.  Shrll  orbkular. 

{a)  llibs  ot  he&  Tllve*  siuoutli. 

7.  i^fva  jwwmm,  (peo.  nor. 

(1)  Ribe  ot  right  valve  smooth,  of  le£t  valve  geaaalar. 

8.  Area  nryoritttj,  sjiw.  nov. 
C  Shan  lectan^ulur,  rib«  brand,  flnt. 

9.  Jrea  Ha»node*,  K.  Martill. 
D.  SImQ  trapczifonn,  ribs  fine,  fiKEomi. 

10,  Area  batarinHa,  K.  ICutUi 
£.  Shell  rhomboidal,  ribs  broad,  flat. 

11.  ATM  petthmtU,  e  AiduM  aad  Hum. 
Beren  oat  of  tiiese  clorcn  species,  oi«.-* 

Area  oldhamUma,  ipeo.  nor., 

„  yautnti*,  spec,  nov., 

„  w^ottnth,  f^xiec  nov., 

„  ntmmode§,  K.  Martin, 

„  peiUtiui*,  9  Aidnc  ud  Bain*. 

„  Ihayttfiuin,  >]«o.  nov., 

„  Maviana,  K.  Mitrtin, 

lepraflflnt  typot  whioh  aro  unqawtionably  extiiiot  among  the  preaeat  fauna 
of  the  Indian  Ocean.  Bat  while  no  living  xebttiTea  coaU  be  tmeed  of  the  flnt 

five  sjn'cips  which  therefore  represent  entirely  extinct  types  the  last  two,  vta.^ 
Area  thayetentit  and  Area  baiaviana,  have  unqueetionably  living  Nlatirei  »numg 
the  famia  oC  the  Fhilippino  laUmda. 

Out  6t  iho  wwmaining  qpeoieg  one.  Area  biitrigata,  is  unque<;tinnably  identioal 
with  the  same  species  of  that  name  livinc:  in  the  Indian  Ocean,  while  Area 
melabisirigata  apparently  ropreaeuls  a  permanout  ovolutionary  type  of  this  speciea. 
Tbe  mme  applies  to  Area  lnriMij  and  Area  He^Mi  wMoh  probabty  ropraiwut 
two  diCerant  evohitioDaiy  itagei  cl  ibe  liTing  Area  grtmota,  fioero. 
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Arci.  (  Anomalocardia)  BUBNB3I,  d'^Vrchiao  and  Haime,  PL  V,  figs.  6,  a-f,  7,  a-h, 

8,  a-b,  9,  o-A,  10,  a-d. 

1863.  Area  iurnui,  d'  Anb.  ind  Uumo.  Dns.  <l<«  anim.  hm.  da  gToain  num.  dc  I'lndr,  p.  264,  [L 

XXII,  £g.  i  a,  i,  ^ 

(a)  8pwilm«i»  »xJ>lMtine  both  «alvM.  {e)  Ufl  tJm. 
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In  the  ahoTc  taWo  the  specimens  hare  boon  arranged  according  to  size  in 
deaoondiug  crder,  and  in  going  through  the  figures  it  will  be  Been  at  once  that  abso- 
lute rim  and  indrac  L/E  an  in  no  fditifln  whatewvar;  fhe  large  specimsn  No.  S 
has  an  index  of  l'36,irhilo  specimon  Nck.  40,  which  ia  of  nearly  the  same  rise,  has  an 
index  of  I  ol ;  tlui  first  is,  therefore,  comparatively  short,  while  the  second  is  elongate; 
it  will  be  turtlier  seen  that  comparatively  young  speoimeins  may  hare  a  very  high 
index,  lAilo  ollien  hsro  a  smaU  one  only ;  ttst  instance,  Vo.  46  liaa  an  index  of  1*66^ 
while  No.  97,  ■nliirh  ia  only  0  2  mm.  smaller,  has  an  index  of  1'29.  Sa  far  those 
figurca  tend  to  prove  that  there  is  no  general  rule  with  regard  to  the  shape  during 
the  time  of  growth,  though  it  might  perhaps  he  supposed  that  young  ones  are  vme 
orbicular  tlian  full  grown  siiocimcns.  The  figures  seem  ratlicr  to  prove  that  the 
tendency  tu  fonn  the  shape  of  the  shell  ia  developed  at  an  early  stage  alieady,  and 
is  retained  during  the  time  of  growtli. 

'  AnotheirfeataMis^hawieiTer,  proved  by  these  figw 
towards  variation,  which  ranires  from  1'17  to  1-CS.  We  have,  therefore,  two  extreme 
Tarieties,  one  of  which  has  an  almost  orbicular  shell,  while  the  other  has  a  trans* 
Teisely  elongate  shell ;  if  both  specimens  woe  foond  isolated,  witlioat  llie  oonneeiing 
links,  I  have  not  the  slightest  doubt  that  many  a  paliBontologist  would  consider 
thc«n  as  diiTm-nt  species,  hy  puttinir  too  crcat  a  stress  on  the  external  featiw,  m:.,  the 
shape  of  the  circumference  of  the  valves,  and  yet  these  two  sx)ecimcni>  are  uuly  the 
extreme  ends  of  an  almost  xmintstmpted  chain. 

If  re^ardU's^s  of  sii'r,  tl;e  sjK'cimens  are  arranged  according  to  their  indices  in 
asoeuding  order,  uudumcath  of  each  index  the  number  of  specimens  being  written, 
we  obtain  the  following  taUe  ^-« 


Ifl4fX    •          -  • 

1  17 

1-18 

1-19 

120 

1-SI 

i-sa 

1-28 

1-S4 

1-JS 

1-S8 

NninW  oC  ^^MIMM 

• 

1 

Index   *       •  m 

• 

lil 

1-iS 

1-2!) 

1-30 

1-31 

1  S3 

ISl 

1-36 

1  3i3 

2<T)mbrroi  ifHilBitft 

* 

8 

■2 

2 

1 

1 

S 

i 

Index   •       •  • 

t 

!■» 

l'3t* 

l«i 

1-41 

V4» 

l-tf 

1-46 

Kamber  of  qitclnm 

• 

» 

1 

1 

9 

5 

B 

1 

« 

1 

t 

Ittdtf  •  • 

■ 

MB 

I'M 

1-W 

1-n 

1-BI 

1« 

I'M 

lis 

KmnUr  ol  tp^Amem 

■ 

S 

• 

1 

t 

» 

a 

1 

S 

a 

t 

In  del  . 

• 

i-ir 

1'6S 

1-W 

vn 

Iti 

1-88 

WorobcT  of  ipMimeni 

• 

4 

a 

«S4 

e 

1 

a 

I 

B 

•+* 

luiIt'X     .  • 

• 

i-m 

vm 

«ts 

a«« 

MS 

I 

The  above  chain  is  almost  nninterrupted  from  1'28  to  1°G5,  there  being  only 
one  gap  eadi  at  1*81, 1*60  and  I'M.  I  oonrideied  tiiese  gaps,  however,  so  vnim- 
portimt,  Aat  I  dunk  lam  fully  justified  in  saying  that  Area  (  Anomaloeardia)  bumeti 
has  an  uninterrnpted  ran»e  of  variety  from  index  1*28  to  1-63 ;  in  fact  if  wedisr^fard 
the  large  gap  at  the  beginning  and  the  smaller  at  the  end,  we  may  say  the  ampli- 
tode  extends  from  117  to  1*66.  Ibe  xelatiTeiise  oltheiangeotTariatioiiooiiUbe 
expeeased  in  the  fdbwing  short  way : — 

m  U*<w«k 
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which  means  that,  the  ran^n  of  variation  extends  over  52  indicv's,  tlio  smaller  of 
which  is  1*17,  in  other  words,  contains  comparatively  orbicular  shells,  while  the 
Ifligwt  is  r68,  inelnding  the  sum  ekngste  radetiea. 

^y,^  furtlifi-  notice  at  once  that  far  the  majority  of  the  specimens,  vh.,  69,  hare 
an  index  L/H  from  1-38  to  1-68,  those  below  138  number  only  25,  and  tlioso  aboTO 
1*68  not  moee  than  18.  I  tiunk  it  will  therefore  he  useful  to  distinguish  as— 

Ttr.  rottnlaja  (11  ipeeiBMiiMlMtlilg  L/H  iiniliT  1 
TMI.llMfato     .      .  mm   alhcTO  lit 

Both  valves  aro  strongly,  but  regularly  inflated,  the  point  of  highest  inflation 
Iwiiig  beknr  the  umbOi  The  thiokneN  of  both  vsItm  frequently  exoaeda  iheSi  height, 
M  ii  iUuBtnted.  by  numerous  instances  above. 

The  ifoncral  shape  of  tlie  valves  is  transvorsely  oval,  Imt  as  alrcafly  pointed  out, 
this  shape  undergoes  many  variations.  The  umbos  are  iuilutcd,  iucurvatod,  prosogyrio 
and  fidrly  dwtant  frnn  eaoli  othw,  and  Btoated  in  the  anterior  third  of  aheU.  Tlie 
pedal  rt^crion  is  short,  rounded,  the  siphonal  one  lomj,  lii:t  srinie'.vli:it  cnm pressed. 
The  anterior  margin  forms  a  right  angle  with  the  binge  margin  and  passes  gradually 
into  the  atroDB^  onrred  Taniial  margin,  wlddi  in  ita  torn  paaaea  into  tha  obliyaa 
poaterior  maigin,  which  fonna  an  obtnae  angle  with  the  long  reotiHnear  oaidinal 
margin. 

The  ligamcntal  area  is  long,  slightly  concave,  but  not  very  wide,  particularly 
at  ita  anterior  extraniify,  Unad  by  a  iinei,  aomewlMt  nodnlar  edge ;  tiiero  ara  alwaya 

a  few,  sharply  cngravnd  cartilage  Ejroovcs  pr\i-tirularly  on  its  iiosterior  part. 

The  hinge  consists  of  about  60  lamellar  teeth  o£  which  the  anterior  and  poaterior 
onaa  are  Uie  laigeat  and  obliquely  placed,  while  thoae  in  the  middle  are  ibe  amalleBt 
and  plaoed  pcapwidimilar  to  the  hinge  margin. 

The  muscular  scars  are  well  definod,  the  anterior  nnr,  about  half  ihc  size  of  the 
poaterior  one  which  is  of  considerable  length.  PalUai  impression  sharp,  pretty  close 
to  the  deeply  orenulated  margin. 

AUhoiigh  the  ^ncral  appearance  of  the  ornamentation  of  both  valves  is  the 
aame,  they  differ  consideEably  in  detail.  The  ornamentation  oonoists  of  radiating 
riba  ibe  mnnber  of  wUeib  vnlea  oonaldenbly ;  &e  amallaat  ihbiImv  notioed  ia  2S 
and  the  liighesi  '^2.  The  ribs  are  all  equal  in  strength,  frW^^g  an  angular 
aaetioti  linviiiu-  :i  flat  top  and  perpendieidarly  iaclinod  sides.  On  the  right  valve 
the  inu.'r!>tices  are  broader  than  the  ribs,  and  as  the  interstices  of  the  right  are  inter* 
looked  with  tbe  ribo  of  tbe  kft  rtin,  tbe  rerane  ia  to  be  notioed  on  the  latter,  tit., 
the  ribs  arc  broader  than  the  interstices. 

There  is  still  another  di£erence  in  the  ornamentation  of  both  valves ;  on  the 
left  Tahre  aB  tberiba  except  the  last  7  or  6  abow  nmnenras,  Teiy  regular  and  deep 
oonoentric  equidistant  nntc  iu»  on  the  top,  giving  them  a  peculiar  granular  appear^ 
anoe.  On  the  right  valve  only  the  five  or  six  anterior  ribs  exhibit  this  sculpture, 
while  tbe  remainder  aro  smooth.   In  bot^  valves  the  interstices  bear  numerous; 
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very  fine  equidistant  concenirio  lines,  wMoli  m  Kpgma/Qj  ft  little  BMM  doMlj 
aet  on  the  left  than  on  tho  right  valve. 

Zone  of  VaraUeliplpcdum  prototorttiomm,  Knmn. 
Eemark».—Tha  genezal  tnuurenely  oval  shape  as  well  as  the  character  of  the 
iibi  diatingauh  tins  ipeei«  Nsily       all  fhe  oflien. 

This  species  has  been  first  described  by  Messrs.  d'Arohiao  and  ]Taime, 
who  liavt>  ^vt'll  rpfiv^MiLsi'J  tlic  chief  distinguishing  features.  Suhseqtjemlv  it  Las 
been  found  in  Java,  and  iigurud  and  described  by  Professor  Mai'tiu  who 
numtiona  also  anotlieir  ipeoiea  wUoh  seems  to  lie  ao  doedy  xdaied  to  Atm  hwm^ 

vttt  Area  biformit,  that  tlic  1  niter  hnrl  perhaps  hnen  licttcr  considered  as  a  variety 
only,  particularly  as  only  two  valves  have  been  found  of  this  species,  and  as  Area 
iame$i  apparently  ahom  a  great  Tariation  -with  regard  to  the  dupe  and  sonlptnre 
of  the  valves. 

I  have  before  me  a  small  speeimen  of  wJrca  Hli.jwin^  Loth  viilves,  the 

left  valve  of  which  shows  in  a  beautiful  way  the  sculpture  being  considered  peculiar 
fo  Aroa  M/bm<t,  namely,  the  fine  eonoentrio  linee  In  tiie  iatentioee  whieh  oooneet 
flie  granules  of  two  adjoining  ril)s. 

lu  my  previous  memoir  X  desoiibed  under  tho  name  of  Dophnoderma  calaUtt 
Beere,  a  species  wldeli  I  conndeied  to  be  identical  with  Area  Sttnserf,  d'Azelnae. 
Having  now  better  preserved  material  at  my  disposal  lam  now  able  to  state  M'ith 
certainty,  that  this  speeies  is  not  identical  with  Area  burnetii  but  differs  matedally 
as  regards  tho  shape  and  sculpture  of  the  shell  from  it. 

It  is  eztremdy  diffieult  to  aay  anytidng  ddnite  about  the  living  lelatiTes  of 
this  species,  without  having  specimens  of  the  spoc;<  n  f erred  to,  as  the  deseriptions 
and  %uro8  given  in  Seere's  Monograph  of  the  Genus  Area  arc  somowhat  insufficient. 

The  species  nearest  lelated  fo  Arem  ftwriMff  seems  to  be  Arem  dtatkrata,  tLnm^ 
from  the  Philippine  Islands.  I  am,  however,  unable  to  judge  from  the  figure  addy 
how  far  the  ivlationship  goes.  It  may  lie  also  possible  that  Area  bumeai  is  the 
ancestor  of  the  living  Area  grauota,  Beove,  a  species  which  when  young  must 
hBTo  had  a  great  aimilarily  to  the  fbanl  ipeoieib  If  this  Tiew  should  be  pnyrad 
correct,  the  above  would  bo  another  instance  of  the  peculiar  evolution  some  speeiee 
bavo  taken  since  the  Miocene  times,  their  ancestors  being  distinguished  by  a  more 
delicate  sculpture,  while  the  present  species  exhibit  the  same  features  though  in  a 
mora  ooBXBB  nay. 

'  It  UV b* nentioaed  ttist  tliU  •ptdnabimM  b''  vriv  n  &  now  ■a-.xnif.  tjooauk;  tliti  OMW  WM,  M  iw  luk  lN  111% 
ghu  If  DffinM  (0  •  1^(1  wliiiili  it  outala^  diflvnut  from  Ana  clatkrata,  liwTe. 
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^»^.A  ( AlTOMAMOA^T A )  TnEOBALDi,  spec,  nov.,  PI.  V,  flgi.  11«  o^,  13,  a'6, 13, 
a-bt  U,  (fb,  ri.  VI,  %.  1,  o-c. 


(•)  8p«el»«ili  hsTingWh  Tulvee.  '     Laft  t»I»6— fo«/rf. 


MngM 

Height. 

L/H. 

1.  W-7 

I'M 

S.  23"1 

1-57 

S.  IM 

if 

J. INI 

1-39 

4.  1»B 

• 

11-4 

« 

i.  u-t 

• 
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a» 

■ 

i-sr 

«.  UrS 

H  • 

u>r 

l» 

y.  MrO 

• 

m 

1* 

• 

iw 

8.  14-0 

■• 

lO-fi 

•» 

1-31 

9.  Hi 

M  • 

8S 

M 

140 

la  121 

M  • 

9-0 

f* 

l'3t 

u.  n-9 

II 

82 

I* 

1-29 

12.  Ill 

.1 

9-2 

■P 

139 

13.  8^ 

It  • 

78 

M 

I'M 

14  M 

H 

M 

» 

IM 

U.  M 

■• 

«4 

• 

MS 

M. 

O  • 

W 

» 

• 

IrtS 

17.  7-2 

■>  • 

if 

« 

« 

I'M 

18.  67 

M  • 

C4 

fl 

1-98 

1*.  «c 

49 

m 

l':i4 

•0.  e-0 

* 

43 

1S» 

31.  e-9 

•1 

• 

1-n 

(«)  UCtnlm 

aa.  MB 

»« 

m 

Laagtb. 

Ufi«hk. 

L/H. 

SSL 

MT 

mm. 

« 

1-41 

Mb 

m 

in 

» 

t 

im 

BO* 

AW 

» 

MO 

It 

• 

117 

28. 

m 

a 

,  u-r 

I* 

l-M 

Vf 

17  T 

1. 

.  18-S 

1* 

1-M 

2H. 

l?'© 

n 

1'32 

29. 

1«3 

ir 

.  128 

fl 

127 

30. 

155 

.» 

.  Ill 

tl 

136 

31. 

150 

.# 

.  Ill 

135 

SS. 

148 

.  11-6 

If 

1-27 

33. 

u« 

.  U-4 

• 

1-S4 

34. 

IM 

.  vn 

It 

• 

Ml 

3S. 

13-0 

« 

.  Mrs 

m 

« 

1-tl 

3«. 

120 

tl 

.  v» 

w 

• 

!■» 

37. 

12  1 

.  lO-l 

II 

l-iO 

39. 

12  0 

n 

so 

M 

1-8S 

89. 

118 

M 

»-8 

It 

1-20 

40. 

11-3 

M 

.  »-4 

H 

1-20 

41. 

113 

la 

.  8'8 

H 

1-28 

42. 

11-3 

1. 

9-0 

■  I 

124 

43. 

10-7 

II 

8-4 

« 

1-27 

44. 

at 

.  1 

• 

1« 

4ft. 

W 

.  M 

It 

• 

I'M 

The  spccimons  hare  again  boen  arrangod  according  to  size ;  and  in  going 
through  these  figores,  wo  notico  the  same  feature  that  the  sizn  of  the  index  is  inde* 
pendent  of  the  abflolute  size  of  the  shelL  There  is,  however,  another  feature  notioed 
ilMHic^  not  vitli  great  distinotnew ;  it  aaenu  M  if  tke  jounger  ipadmMii  poMoaed 
a  smaller  index  tlian  the  older  oni's  ;  in  othar  words,  that  during'  the  nealoL'ic  stage 
the  shell  had  a  more  orhicular  shape  than  in  later  stages.  This  feature  would  be  of 
some  significance,  as  it  wonld  prare  that  this  speoles  has  been  derived  from  a  more 
orbicular  species,  and  as  it  it  lillllly  probable  that  it  is  the  desceudunt.  of  Area 
(Anomaioeardia)  burneti  tlie  mom  oibioalai  yaiistiea  of  that  speoioB  developed  into 
this  one. 

If  the  indices  am  ananged  in  the  ■me  way  as  belore,  we  hare  theloUoving 
taUe:— 

•     X'lt  i-w  i«  in  vn  vu  tu  vu  us  w  i« 

1     ...         S  ...         1     ...  11*44 

1-2B    1'30    1  81  183    1-3S    ISi    1-S6    l-3«    1-87     1  38  1-4B 

Kaalwr  of  •perlment                36...  186122  8 

Ir.a.i       ...        140    1-41    1-84  lUS    VU    lU    l^SS    Vtf    1*IS    IMS  MS 

Knub«r  cf  ^prirScKn    .  1      ...  S      ...  ...       ...       ».       ...       ~.  .» 

iu<iti     .    .    ,     i-n  Mi  MS  i««  lis  m  !«  „.    ...  » 

r  of  nMUDMU     •  «p«  OH         "M  .  1       Ml  •m  wm 
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The  cliain  is  almost  uninterrupted  from  1*24  to  142,  there  being  only  two 
gqps;  taken  m  a  whole  the  nnge  urould  be  from  118  to  1*57,  time  being  a  bttge 
gap  aftet  V4it,  Varirty  1-57  '-lands  therefore  quit<.-  by  itself  separated  hy  a  wide 
gap  from  ihe  remainder  which  range  from  1*18  to  1'42.  I  hare  carefully  examined 
Tar.  1*67 :  it  is  perfectly  preanred  and  not  aqnaahed  in  any  way,  wfaiflb  mifl^t  per- 
haps account  for  its  elongate  shape.  As  it  is,  it  forms  a  solitary  instan<;o,  while 
far  the  majority  of  the  sholls  prove  that  the  tendency  of  the  animal  was  rather  to 
form  orbicular,  than  elongate  aheUa.  If  Tar.  1-57  did  not  exist,  the  variability  of 
iUa  ipedM  would  be  a  eompuatiTaily  amaQ  one,  as  it  would  only  be  tat.  26.  Under 
tbe  abore  cinnimstanofls  it  is,  howerer,  greater  and  the  formula  most  be  written— 


1-B7  ri-S7S  matb. 

1-U  U-SUmIo^ 


The  comparison  of  tbe  two  fonnnbe  of  Tariety  of  two  ipeoiea  ao  doady  nlated 
aa  Area  (Anomalocardia)  burneii  and  theobaldi,  the  lattOT  o{  wUob  ia  most  piob* 

ably  the  descendant  of  (lio  former,  is  of  groat  interest. 

In  the  first  instance  we  sec  ttiat  the  tendency  of  v  ariation  is  much  smaller  in 
Area  (AHemaloeatdia)  Mraftaldi  than  in  Jroa  {Anomaleeordim)  6iir»M<,then)8peo> 
tive  figures  being  var.  40  and  var.  52;  in  fact  if  it  wnnkl  not  bo  for  the  isolated 
vnr.  1-57  of  Area  {Ar.omaloeardi»)  theobaldi  the  diUcrencc  would  be  greater  still, 
inasmuch  as  the  figures  were  Tar.  SS  and  var.  52 ;  in  other  words,  the  Cenden^  of 
variation  in  tbe  fint  species  would  be  half  of  that  of  tbe  aecond. 

If  we  again  group  the  specimens  into  throe  classes  we  notice  that  there  iie-> 

as  •pMumM  katiagHi  indiK  bon  1-17  to  I'M 

•    »     M    »    »    I.  i-aatoina 

X      ^         K      i>      w      >   1-43  to  158 

That  is  to  say,  one  spnrimen  only  just  falls  short  of  the  limit  of  those  I  have 
distinguished  as  car.  eiongata  in  the  former  8]M!cics,  six  only  come  under  the  ear. 
NMAatiAQetJieniAjority,  «<s.,89,fdlnndertiie»or.  f«<iH^^  We  see  tbecefora 
that  while  in  AtOlt  {Anomatocardia)  bunieii  the  var.  media  formed  far  the  ovar- 
wbebning  majoriigr*  in  the  above  species  the  tar.  rotmtada  assumes  this  place. 

Cda  feators  ia  still  more  pronouueed  if  we  expreaa  the  abeolute  figoree  in  per 
eamta.  of  the  number  ol  shells  wiaminad ;  eomparing  the  two  qyeeiea  tbeie  are ; — 

Var.  ntumtadM  2116    %      .     aS-M  % 

Var.  MMTto      .  66-31     %  18-33  % 

Var.  tttapilm  •  12-60    %      .  MiL 

Tbe  TalTBa  are  tberelum  trauafetady  oval,  bnt  leaa  etongated  than  titoaa  of  Amt 

{Jnomailofiardia)  burneii,  the  length  still  exceeding  the  height  oonsidorsbly ; 
both  are  ventricose,  th(>  point  of  bii,'hest  inflation  bcini;  below  the  umbo.  The 
thiokness  of  the  united  valves  nearly  equals  and  in  some  cases  exceeds  the  height. 

The  imiboa  are  inflated,  bnt  deprBsaed,  prosogyrio,  pretty  oloae  to  eaoih  oOer 
and  aituatod  near  to  the  anterior  extremity  of  the  cardinal  margin.  The  pedal 
region  is  very  short,  rounded,  the  si  phonal  one  elomrated,  somewhat  expanded.  Ihe 
anterior  margin,  which  forms  an  obtuse  angle  with  the  cardinal  margin,  pasaea  in 
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a  wido  sweep  into  the  crrncefully  roundwl  ventral  margin,  Trhich  in  its  turn  gradu- 
ally paiSitis  into  the  rounded  posterior  margin,  the  latter  forming  a  very  obtuse  angle 
with  tiie  «udinal  Buagin.  Tba  OMdiiial  miurgin  is  zeetfliiMW,  laogt  hxb  wmMat. 
ablv  shorter  than  tho  greatest  length  of  the  shell. 

Ligameutal  area  long,  narrow,  oouMve,  alw&ya  prorided  with  acme  deeply 
engrared  angular  ligamental  groorof. 

Hinge  oaoaistiiig  of  numerous  lamellar  teetii,  of  which  those  at  the  aniador  and 
posterior  extremity  are  obliquelj  .inolinedt  those  in  the  nuddlo  "t^w^mg  parpemdi* 
cular  to  the  cardinal  margin. 

Muscular  soais  And  pallial  impression  iU  wen,  hut  apparenilj  tiw  aanw  aa  in 
the  foruiLT  species.    Margins  deeply  orenulated. 

Likt!  the  former  Bpecies,  both  valves  differ  in  the  ornamentation,  whioh  consists 
of  about  2C  to  28  radiating  angular  ribs,  a  smaller  number  not  being  observed.  As 
in  the  fonner  apecieB*  the  ribs  of  the  tight  -ralTe  are  broader  tiian  the  intentioea* 
wllile  the  reverse  takes  place  on  tho  left  Tslve. 

On  the  left  valves  the  ribs  appear  lika  sittings  of  beads,  by  the  deep,  very 
regular,  olosely  sat  ooneentrio  notches ;  nnmeniua  and  regular  oonoentrio  lines  are 
observed  in  the  interstices.  The  largest  specimen  exhibits  in  addition  a  feature  of 
which  I,  however,  do  not  know  whether  it  is  general  or  not ;  tho  anterior  ten  ribs 
show  towards  their  ventral  extremity  a  slightly  indicated  longitudinal  furrow, 
^eh  with  inomaauig  siM  of  the  Talre  wonld  oertainlj  tend  towards  hiforeation. 

On  the  riL'l.t  val\  p  all  the  ribs  hear  the  granules  as  the  result  of  the  notching, 
although  the  notches  aro  wider  and  shallowi^r  than  on  the  left  valm  Ihe  intof 
stices  arc  provided  with  the  same  regular,  fine  concentrio  strisa. 

CMogieiU  MMriwaM.  — 

Zone  of  Area  tieobaldi,  Kama. 

Rt'tmrks. — It  was  with  great  reluctance  that  I  gave  a  new  name  to  this  specii'^ 
which  is  so  verjr-  similar  to  Area  {Anomaloeardifa)  burnetii  that  the  greatest  diili- 
euMy  exists  in  diatingnishing  isolated  left  valvesof  both.  Howerer,  the  fUUowing 
reasons,  which  I  think  decisive  enough,  have  led  mo  to  a  speoifio  separation  of  both, 

1.  The  shape  of  Area  (AnomalocarJia)  theobaldi  is  generally  less  elongate 
than  that  of  Area  {Ammalocmrdia)  bumcei,  as  has  been  proved  by  a  series  of  care- 
fol' neasarements. 

2.  On  the  riijht  valve  of  Area  {J nomatomrdia)  theobaldi  all  the  ribs  are 
notched,  exhibiting  similar  granules  as  those  of  tho  left  valve,  while  in  Arm 
{Anomatooardio)  tumeH  only  the  six  anterior  riba  are  notehed,  the  remainder  being 
smooth. 

8.  On  the  left  valve  (sf  Artra  {Jnomalocardia)  fhffobaldi  all  tho  ribs  are 
notcbed,  exhibiting  a  granular  apxx;arance,  while  in  Aroa  {Anotnaloeardia)  burnesi 
the  poatericr  Atb  or  six  ribs  remain  smooth* 

Though  perhaps  not  too  much  weight  might  he  attached  to  No.  1,  the  reasons 
'under  Nos.  2  and  3  are  deciaivo.  As  both  spodes  never  occur  together,  it  is  obvious 
that  ana  is  the  desoendant  of  the  o4her«and  aa  Jroa  {Anomalwrdk^  tkMMdi 
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oocon  in  higher  bed%  the  tendeoiqr  of  evolation  is  quite  clear.  In  the  older 
qwoiefl  onlj  ft  bur  libt  ol  fhe  left  TSlTe  mn  gnuakr,  the  majority  heing  amooth, 
irlule  in  tfa»  light  valTeaU  the  ribs  were  griBidHvbKi^  In 
the  younger  species  all  ribs  on  both  ralreB  are  ^nular. 

The  tendency  is,  therefore,  towards  the  f<»ination  of  granular  radiating  ribs  and 
flrii  indicates  the  direction  in  which  ire  hare  to  look  for  the  pweemt  firing  nibtbM. 
It  is  ahnost  unqnestionahle  that  Area  (Anomaloeardia)  §ramm,  Beove,  is  the 
descendant  of  Area  (Anonu^oear^)  bmmeti,  although  aoomplote  ehain  is  not  eetab^ 
lished  yet.  The  obeeme  bifoieatian  on  the  anterior  ribi  ol  tlie  left  ralre  of  Area 
(AamtHprnviU)  tktobMi  apparent^  iwtinaiai  the  dhMUoB  in  whioh  icno  oUw 
joongn  qpedea  have  fanuDobed  UL 

Abca  (AvoaiAiACABDiA)  nuTHZBini^  ipeo.  nor.,  PL  TI,  fig.  2, »«; 

MSASCBCMIim. 

ngMwOra  .SMm.  ,   VtO  .  iU 

Tiie  shell  is  cqiuTalve,  transTerscly  oval  in  shape,  considerably  longer  than 
hidi  ;  the  index  L/II  is  fhcrofore  moderately  liigli,  hiit  a?  only  a  sinc^'le  valve  could 
be  measured,  its  amplitude  oi  variation  is  not  known ;  the  shell  is  moderatdy  in' 
flated  and  rather  ineqoilataraL 

Hie  umbo  is  inflated  but  etroo^  degtmoit  iHnstad  mmh  in  front  of  the 
middle  line. 

The  pedal  region  ii  ihort,  obliquely  Miuded,  the  uphonal  region  elongate, 
broadly  expanded  but  tnmeated. 

Ihe  anterior  margin,  which  forms  a  rery  obtuse  angle  with  the  cardinal 
aitffflgtii,  IB  oblique,  broadly  rounded,  and  passes  gradually  into  the  long,  oanrex 
veatoal  margin,  the  poetarior  niarginia  straight,  obHque,  form^ 
with  the  cardinal  margin,  and  apoinled  an|^  thaooner  odAidiia  Inaadfymindad 
off,  with  the  ventral  margin. 

Cardinal  margin  long,  straight ;  tho  anterior  portioa  much  shorter  than  the 
poeterior  one. 

An  oht^iw  Iveel  runs  from  the  umho  towards  tlie  posterior  comer,  gradually 
beooming  more  effaced  in  ventral  direction;  behind  it  the  surface  is  slight^ 
ooDcam 

The  ornamentation  consists  of  10  to  11  flat,  angular  radiating  iSb§»  wpaiailed  hj 
linear  interstices  of  about  ooe-thiid  their  oim  breadth.  Ai8ft  afpannflf  rtif 
narrow,  matins  crenulatod. 

Hinge  and  internal  diafectwe  not  dhwfed. 

HoiilOtt  unknown.  Thayotmyo. 
JteeMfliai— fids  species  boars  a  close  resemblanpe  to  Area  {Anomaloeardia) 
metMtlriffiUih  hut  ie  caailjr  dJetingniebed  fram  that  epeoke  by  a  flatter,  faraad^ 
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oval  thell,  but  partioularljr  ty  the  character  of  the  ornamentation.  In  Area 
(Ammaioeirdia)  mettUitrigata  the  anterior  ribe  are  bifazoated,  while  no  anch 
featom  ianolionbla  m  Area  {Ammmataeardia)  thajfetentist  the  ribe  lemaining  simpla 

throui^hout.  As  none  of  tho  othnr  species  here  described  can  he  compared  to  it,  it 
will  have  to  be  seen  whether  my  similar  speoiea  haa  been  described  either  from 
Weateni  India  or  Jara. 

Area  kirkkimentit,  d'Aioh.,  whiob  exhibits  broad  flat  ribs  separated  by  narrow 
intentioes,  differs  by  its  lees  elongate  shape,  baring  apparently  a  rwf  low  index ; 
in  addition  the  umbo  is  high  and  not  depressed,  the  area  broad. 

Uwih  oibMarnilited Menu  ArearutUeotlLgL,  bom 7aT%  a  apMifla  wbkh  ia 
also  distinguiRhed  by  broad  flat  ribs  separntBil  by  narroTV  iTiti:'r«.tiees  ;  as  in  addition 
to  this  character  the  general  shape  of  the  shell  is  much  the  same,  I  was  first  inclined 
to  identify  the  speoieB  from  Banna  witii  tiiat  fiK^  Prof anor  HartiB  atatos. 
howerer,  in  the  description  that  Area  ru$tica  has  only  26 — 27  ribs ;  therefore  a  much 
smaller  number  than  observed  in  Area  tha>jeten$i»,  the  interstices  of  wbich  are 
deoiusated,  while  thoy  axe  apparently  smooth  in  Area  rmiica.  Martin  further  states 
that  the  diall  is  tlitok,  while  Aroo  iksfttmiit  has  unqnastioaabiy  a  thin  ahelL 
These  differences  seemed  to  me  sniUciont  to  establish  a  IHfW  ajpedflib  alflMO^  ttm 
is  pnquestionably  a  close  relationship  between  them. 

Among  the  living  speoiM  I  tnd  Oat  Area  gubemaeiiimit  ftm,  the  Philii)pinoa 
is  unqueattoaably  the  closest  relative.  In  fact,  the  similliify  between  both, 
species  is  so  gmat,  that  I  felt  inclined  to  identify  tlic  Miocene  species  with  the 
recent  one ;  both  have  the  same  kind  of  ornamentation,  of  flat  simple  ribs,  separated 
by  Banow  IntantiMib  hat  what  ii  aqnally  tmpartaat,  flwaame  ahape  «f  ahdlex* 
liibiting  a  very  short  pedal  and  an  elongate  broadly  expanded  siphonal  region,  the 
number  of  ribe  82 — 38  ia,  however,  smaller,  and  aocoMing  to  the  description  they 
were  slightly  aenated.  Another  close  retatiTe  aeems  to  be  Area  japoniea, 
BaeTS,  trideih  agnet  wall  with  regard  to  general  ahape  and  omamentatiaii,  but 
aa  this  species  is  said  to  bo  very  inequivalve,  a  feature  for  which  we  have  no  proof 
in  the  fossU  species,  I  think  it  is  inadmissible  to  draw  further  ooudusioQS 
wiflioal  ha^ng  a  spednum  for  comparison. 

It  is  sufficient  to  bare  drawn  the  attention  to  the  fact  that  the  DBBieit 
relatives  of  Area  thayetentin  live  nowmlays  in  the  eastern  seas,  and  thatitf^HM* 
stiutii  a  type  extinct  among  the  present  fauna  of  the  Indian  Ocean. 

Asca.  XBTA1UBISI6ATA,  spcc  nov.,  PL  VI,  fig.  13,  a-t. 
MiAsnatiitaTi. 

90O  mm.   .  18°6  mm.    ,  P  O  mm.  . 

The  shell  is  equivalre,  elongate,  irregularly  trapezoidal  in  shape,  the  length 
aineediDgihe  bright  oouUarablj;  IlieiiideslVHisfheeefioMapfaraBlljUigh;  itia 
strongly  inflated,  the  thiokiMN  of  bofli  ftSsm  being  a  Uttlo  higer  tbaa  ft*  be^fat 
and  ratim  imequihiteiaL 
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The  tuubo  is  inflated,  stroogly  prooogyric,  a  little  flattened  on  the  top, 
ritnated  in  fvnnt  of  the  middle  line,  ntber  eloM  to  tiie  antenormaqjn. 

The  pedal  region  is  very  short,  TOimded,  the  npihonal  Tt0m  Teay  much  knger. 


The  anterior  margin  is  slightly  convex,  almost  straight,  forming  an  angle  of  a 
little  or«r  idth  the  eaidinal  nuMgin ;  the  Tentnl  mugin  is  oblique,  dightljr 
oonrex,  not  linuated,  ahruptly  turned  in  dorsal  (liret-tion  at  its  anterior  extremity ; 
the  posterior  margin  is  straight,  oblique,  forming  a  Tuiy  obtuse  angle  with  the 
eaidinal  margin  and  a  pointed  angle,  the  oomer  of  vliiah  is  rounded  off,  with  the 
TButEal  mar^n.  Cardinal  macipm  kng,  atnighti  tuqnilateial,  tin  antfliior  portion 
being  murh  tlie  shortor. 

A  keel  which  is  sharp  at  the  beginning,  but  becomes  more  indistinct  in  ventnl 
diieetion,  mas  from  tike  tmabotowaids  the  poeteiioreanier}  bddnd  it  the  sorfiiee 
abpes  moderately  and  is  slightly  ooncaTe. 

The  Ugamental  area  is  lanceolate,  Tcry  long  and  inequilateral ;  the  anterior 
portion  being  short,  but  a  little  broader  than  the  long,  narrow,  posterior  i>orlion ; 
it  ia  iMudand  hy  ft  diaip  Iseet  slis^tlj  oonoaTe,  and  eairiea  a  btw  nndolatiiig 
eartilage  groores. 

The  binge  is  long,  consisting  of  numerous  very  small  teeth,  those  at  the 
antBrior  and  porteiior  extremify  bdng  obliquely  set,  and  just  a  little  than 
fbe  others. 

The  ornamentation  conHi'sls  of  radiating:  angular  ribs,  uniformly  corerin!?  fhf 
whole  surface  of  the  shell,  but  owing  to  the  position  of  the  umbo  the  anterior  ribs 
avB'muebtbertertluHitbe  posteriorenes;  oneaehTalTe  there  an  86  ribs  wbiob 
are  angular  in  sectinn,  nnd  flat  on  the  top,  separated  liy  interstices  of  about 
the  same  breadth  as  the  ribs  at  the  ventral  margin,  but  considerably  narrower  at 
the  nmbonal  ref^om.  Daring  tbe  nealogio  stage,  as  is  dem<mstratod  by  the  umbonal 
region,  all  the  ribs  arc  simple,  undivided,  rather  broad,  separated  by  linear 
intttstices  ;  after  a  certain  size  ha»  been  reached,  a  fine  sharp  furrow  appears  on 
some  of  the  anterior  libs,  and  with  increasing  size  the  furrow  deepens;  the 
ribs  are  ^it  fangtliwise,  while  gradually  some  more  ribs  are  aJEaeted  in  the 
same  way.  On  the  full  ltowu  shell  the  anterior  13  to  16  ribs  are  deVjfij  bifurcated 
and  appear  to  be  comiHispd  of  a  pair  of  filiform,  roimded  ribs  separated  by 
rather  a  broad  iniarstioc ;  the  posterior  20  ribs  remain  undivided  throogboat,  and 
increaso  slightly  in  breadtb  towarda  the  posterior  keel,  deoreadng  again  towards 
the  cardinal  margin.  There  are  akn  ntonemas  dosely  set  sfadie  of  growth  wbiob 
particularly  appear  in  tho  interstices. 

ICuseoIar  soars  well  marked,  the  anterior  one  round,  smaller  than  tbe  large 
quadrilateral  posterior  one.   Fallial  impression  well  marked,  cIom;  to  the  margin. 

Margin  deeply  cremilated,  crennbtimis  ineren^ini;  in  sv/o  nr-l  (k'fith  from  the 
anterior  margin  towards  tho  posterior  comer,  decreasing  from  there  towards  tbe 
oardinal  margin. 

Oeologiral  occurrence.— - 

Zone  of  Area  lAeobaldit  Kama. 


slightly  expanded  and  truncated. 
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£emarkt.—On]j  one,  but  completely  preserved  speoimen  has  come  under 
mmbiatioD,  and  tboo^  it  may  perhaps  be  argued  that  the  specific  feature 
i  nn  not  be  dedttoed  wtth  oartaiflty  from  a  single  species  only,  particularly  if  then 
are  other  oloaely  allied  species,  I  think  the  specimens  exhibit  enough  oihano- 
taitttio  featuroa  to  allow  for  some  important  couclusiona. 

Its  neuert  lelatiTe  ia  ^ttm  Udrifata,  Danker,  and  at  the  lint  glaaea  the  two 
species  <^'vm  to  lie  identical :  on  furtluir  examination  it  will,  however,  he  mil  that 
tlicre  arc  some  decided  diilerences ;  ia  ordor,  however,  to  avoid  unnecessary  repeti- 
tiona  the  nlaiti<nihip  oC  bofli  apeoiei  will  be  diaouaaed  after  the  desoriptiou 
of  Jmt  iUtriffata. 

AxoL  nmwATa,  Banker,  PL  YII,  figs.  1,  la,  2,  Se. 

lair.  Jrm  Utlriftilt,  Dnhn,  Concli.  p.  87,  pi.  aOi  Ip.  M. 

iMt.     w        M      Jllltia,  BaStrojc.  m  OmW.  OA.  Aitent  and  Ami.,  Vol.  Ill,  p.  8S''<,  nl.  XilL 
fK.MllL    ^  ~"  lit 

MM.  Jiq»i«rfiwM  mtUlm,hmabtg,]l»m.iho\og.  Snrrey  of  InJai.  Tal.  3HVlI.Pt.  I,p.7,pLl,fig«.l^. 

MtAanKEMEKTS. 

Icostk.       Height.  i/H. 
InftfilM   .  ananti   «  nSarat.  160 

Though  not  nnfmpient,  well  yrreserred  valves  arc  rare ;  in  fact,  not  a  single 
intact  specimen  has  come  under  eiamination  and  the  characters  had  to  be  made  out 
from  eombiiistion  of  seraral  Bpeounena. 

The  shell  Ls  equivalvo,  elongate,  irregularly  trapezoidal  in  shape ;  the  length 
exceeding  the  height  to  sonic  extent,  thonc^h  the  indox  L/II  is  not  very  large; 
as  far  as  can  be  judged,  the  valves  attained  a  idze  which  was  not  much  under  that  of 
tlie  TMag  qwidmen  I  hatro  for  comparison,  bat  the  majority  of  the  fossil 
qieeimeiis  are  smaller  ;  the  shell  is  stron^'ly  inflated  and  rather  ijioquilateral. 

The  umbo  ia  strongly  tumid,  but  somewhat  flattened  at  the  top,  situated 
oonriderahty  ha  finmt  of  the  middle  line^  rather  olose  to  tite  anterior  margin. 

The  pedal  region  is  short,  rounded,  the  siphonal  fsgion  elongate  and  broadly 
expanded.  The  anterior  margin  is  short,  slightly  convex,  almost  straiirht,  forming 
nearly  a  tight  angle,  the  comer  of  which  is  broadly  rounded  oil,  with  the  ventral 
margin;  the  laiteria  rather  long^  slightly  sinnated  in  the  middle^  taming  abraptly 
in  dorsal  direction  at  its  posterior  extremity  and  passing  into  the  oblique,  convex 
posterior  margin ;  the  cardinal  marjin  is  long,  straight,  very  inequilateral ;  the 
anterior,  shorter  portion  forming  a  slightly  obtuse  angle  with  the  anterior  margin, 
the  poaterior,  longer  portion,  a  wry  obtose  aagle  with  the  posterior  margin. 

A  slightly  indicatiHl,  hrondly  roim<le<l,  keel  runs  from  the  umbo  towards  the 
posterior  comer,  and  behind  it  the  surface  is  slightly  concave. 

TbB  ornamentation  eonrista  of  M  ndiating  ribs,  uniformly  covering  the  whole 
surface,  but  cwing  to  the  positiott  of  the  umbo  the  anterior  ones  are  much  shorter 
than  the  psterior  ones ;  the  ribs  are  crenernlly  Rpenkini;  hroad,  flat  and  «iparatcd  hy 
interstices  smaller  than  their  own  breadth ;  except  the  hindmost  10  or  12,  all  ribs 
are  ^Ht  np  the  whole  of  thdr  Isngtii  I7  a  flM^  deep  fnnow;  eaoh  lib  appears 
therefore  to  consist  of  two  Amc  ooes^  wMdi  are  partioolad^  towatda  the  nmbonal 
ngion  a  little  granulosek 
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The  ligamental  area  is  appaiontlj  long  and  rery  nanoir.  Chotaoten  <d.  the 
hinge  not  obaerved,  muwular  aoan  ittUuB  large*  deeply  mak. 

Zone  of  Mytttut  nicohariciu,  Singu. 

Zone  of  Meioaardia  metavulgaria,  Singik 

Zone  of  Caneellaria  martiniana,  Minbu. 

Some  of  Poraef^hMoaeruleut,  Yenangyat. 

Zone  of  Anoplotheritm  6»n)iamci«t»,  Yenangyonng. 

Remarks. — As  already  pointed  out,  I  hare  convinced  myself  from  comparitoa 
irith  the  living  Area  bitlr^ftUaf  Dunker,  from  the  Andaman  Islands,  that  there  is  no 
diffteenm  betwm  tiw  iweni  aiiid  tiw  Mioo^ 

The  tullj  difference,  if  it  may  be  so  called,  I  was  able  to  discern  was  a 
liigliBr  index  L/H  in  the  living  speciesi  amounting  to  1*98 ;  there  are,  however,  some 
of  fhe  fMsO  apeofaneDt  ▼Udi  mnik  lutve  liad  an  index  faita  ai  li^  aa  llii^  and 
I  would  therefore  nob  put  too  muoh  streM  OQ  this  differeouw;  another  diffezemoe 
muld  ho,  that  in  tho  livinc:  specimen  the  undivided  posterior  ribs  are  very 
much  broader  than  the  bifurcated  anterior  ones,  a  feature  which  though  indicated 
in  the  (oarilspeaimeniia  not  quite  aooonspionoaB.  I  did  not,  howerer,  oonsidegr  these 
aHght  differences  sufficient  for  a  specific  sepnratinn. 

The  only  specif  which  ooold  be  compared  to  Area  Uttrigata  is  Area  metabit- 
trigatot  and  it  will  be  admitted  that  the  nmilflrity  hetween  both  Bpeeiea  ia  veiy 
groat ;  than  ii^  however,  a  good  distinguishing  feature,  the  olAer  Area  meiabUtriffoUi 
has  a  larger  numbor  of  ribs,  viz.,  3G,  of  which  only  the  anterior  13  to  10  are  split  up 
lengthwise,  while  the  majority,  that  ia  to  say,  the  20  posterior  ribs  remain 
undivided.  In  Aroa  IMH^afa  fast  the  onwdte  takea  plaoe;  themajoiity  of  tibi 
ii  split  up,  and  the  minority,  the  posterior  C,  to  8  ribs,  remain  iindivided. 

In  the  description  of  Area  metabittrigala  I  pointed  out  that  during  the  noalc^o 
stage  of  Armt  lislrigala,  when  only  a  few  of  the  anterior  ribs  were  bifurcated,  this 
speoies  leaembled  so  closely  the  older  species  that  there  is  apparently  no  doubt 
that  it  directly  descended  from  it;  the  tendency  of  evolution  would  therefore  be 
directed  towards  the  bifurcation  of  the  primarily  simple  ribs;  bifurcation  beginning 
with  flie  faremosi  ribe  and  gradually  extending  in  postarior  direotioa. 

The  Eocene  ancestor  of  Araa  bitMgata  would  thorefore  be  a  transversely  elongate 
rhomboidal  shell,  having  a  mrrow  area,  a  very  slightly  sinuated  ventral  margin, 
and  nometooB  flat,  rather  broad,  simple  ribs,  separated  by  linear  intorstioes ;  we  might 
call  this  hyphotbetioal  apeoiea  ArcA  prot^ietri^ata  and  Uie  line  of  ertdation  would 
tbentoebe:— 


AreaproMUtriifatat  Older  Tertiariei 


Afea  mtMiiirigataf  Ifiooane 


^rMiMr^ola,  Miooene  and  noent. 
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AeCI.  (AKOHAIiOCAB]>U.)^OLI)HAKIANA,  speo.  BOT.,  PL  VI,  fig.  3,  t-t, 

Miuvmiiimt. 
Irfl  mln    .  S9^0  mn.     .   in  ma.    .  1-S5 

Only  an  isolated  left  Talre  has  oome  xatdet  ezaimiiation«  but  it  affords  ruAEI* 
oiently  chaiaoieristto  featosea  to  Tie  dBtennmed.  Tlie  didl  vaa  most  ])robalily 
slightly  inoqui valve,  inasmucli  as  left  and  right  valvo  differed  somewhat  with  »■ 
gnrtl  to  their  ornamentation.  It  is  transvrrsoly  oval  in  shape,  the  length  being  some- 
what in  excess  of  the  height,  the  index  L/li  is  therefore  not  very  high  ;  it  ia  moder* 
fttely  inflated  and  rather  ineqtiilateia]. 

The  umbo  is  slighQr  inlkted,  rtnoglgr  jgntogjAOt  aad  rituted  fiettar  doae 
to  tile  anterior  margin. 

The  pedal  region  is  very  short,  obliqaely  ronndedoff;  the  siphonal  region 
b  Innadlj  CKpuded  and  truncated. 

The  anterior  margin  is  obUqucly  rounded,  forming  a  very  obtuse  an^le  with  the 
card'"»>  margin,  and  passing  gradually  into  the  coutox,  but  somewhat  obUque 
tmtralmaigin ;  the  latter  bttrongfy  tinned  in  dioHldino^  at  tta  poateviar  ex- 
tremity, and  passes  gradually  into  the  slightly  conrei  anterioriy  incUned,  posterior 
margin  which  forms  a  very  oblique  angle  with  the  cardinal  maigin ;  cardinal  naigin 
kog,  Btiaight,  inequilateral,  the  posterior  portion  being  the  shortw. 

The  cmamenlalMni  eoiuiato  of  about  S6  rauMled  radiating  ilba,  sepaiated  by 
narrow  ooncavo  interstices ;  ihn  ribs  arc  rather  strong,  and  each  bears  on  its  t-op  a 
shallow  funow,  the  edges  of  which  are  sometimes  sharps  aasuming  the  shape  of 
g0OQQ^[ary  fllifocni  riibs  OB  the  {diiiaiy  oiMa* 

Area  ^>parent^  my  namnr!  SjngeaidkAniidaliinataniiotQlNernid. 

Q0Ological  occurrence. — 

Zone  of  £holat  orientali*,  Thayetmyo. 

Emmr*$.—Ai  the ibit  glanoe  Hiii apeoiea niglit be  vSMkm  tattAOutJfvm 
(Anotnalocardia)  Intrneti  or  Area  {Attomalocardia)  theobaldi,  as  its  shape  is  some* 
thing  very  similar  to  that  of  those  two  speoiea.  The  ornamentation  is,  however, 
different,  aabofh^aeiea  eiUbit  gmniltf  iib%  wUletbe  fiba  ol  the  speoiea  under 
imwrtnirtimi  an  aaiootti«  eaoept  te  tlieoaneaBfaieatriaecil  gRmth,  but  fanowied 
on  the  top. 

Ho  similar  species  has  been  described  by  either  Professor  Martin  or  Messrs. 
d'Aieliiae  ami  Haiiiia.  Any  of  tiieb  ipeite  iriiidi  niifl^  be  dndlar  in  ahape,  dlffw 

widely  with  regard  to  ornamentation. 

I  am  unable  to  find  any  living  relatire,  as  the  species  is  not  sufficiently  well 
preaerred  for  suoh  a  purpose;  it  seems,  howerer,  probable  that  it  represents  a  type 
eactfnot  in  the  proimit  fanna  of  tiie  Indiaii  Oaaam. 


lU  FAT7NA  09  IBB  IHOOBNB  BBSS  OF  BUBMA. 


Aml  (AjroKAiaauanA}  tA-wmm,  fpae.  wr.»  PL  VI,  figi,  ^      8^  «^  e. 
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.   S'lmm.  . 
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Ib  O  „      .   U  S  „ 
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iro  „    .  15  0  ., 

.    ti'O   „  , 
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(i)  Uft  tiItv. 

17*8  mm.    .   16-6  ma:. 

.    7'4ron).  . 

1-Oft 

The  shdl  is  almost  circulnr  in  shnpo,  tlioro  hoin^  no  frrcat  iliffcrence  between 
length  and  lioight  as  is  suiEdcntiy  ilUmlralud  by  the  aliore  liguies,  where  the 
IiidexL/H  dnksMlow  asroi;  <Iw?alTeaaresnb-eqid]aieial,sbroogif  i]iflstad,the 
thickness  exceeding  tlie  ln'iL'ht  in  scroral  in-stanocs.  Tho  luubo  is  inflated,  in- 
oarrated  and  strongly  prosogyric,  being  a  little  in  front  of  the  middle  line. 
Bedal  and  aiphonal  regioai  an  nearly  equal  in  siac,  the  former  being  rounded, 
the  httcr  ti'uucatixl.  The  anterior  margin  forms  an  obtnae  angle  irith  the  csKli- 
nal  marciu  atiJ  passes  in  a  broad  sweep  into  the  s(ron<,'h'  •■urvwl  ventral  margin, 
which  ia  hardly  set  off  against  the  cunred  posterior  margin,  whioh  in  its  turn 
f  snns  an  obtaae  angle  with  tlie  iwrtfliaear  eardinal  margin.  An  obtase  keel, 
which  in  fact  is  only  well  marked  during  the  noalogic  stage,  runs  from  the  umbo 
towards  the  posterior  corner,  and  while  in  front  of  it  the  flWj  nnifniiwiy 
itroDgly  iniated,  it  is  slightly  concave  behind  it. 

The  bingeoonaistsof  nnmeioiu  eloeely  aet  teeth  at  whi«h  tiie  older,  ie.,  the  oen- 
tral  ones,  ar<!  very  Rmall,  perpendicular  to  tlio  cardinal  nuigiii,  -aMU  the  jaangtt, 
f.0.,  tho  marginal  ones,  are  larger  and  obliquely  set. 

The  liganental  area  ia  kng.  aamnr  in  ile  porierior  part  up  tothe  umbo, 
largely  aqaiidad  in  ficont  id  it.  A  tew  riraa^  engcayai  eartUage  gmovM  an 
visible. 

The  mtuoolar  scaia  are  atrongly  marked,  the  posterior  one  much  hirger  than  the 
anteriar  one,  distinguished  by  a  amootih  smCaoe  and  a  dark  hnnrn  eoloiu  fram  the 
remainder  of  tliu  inner  Rurface.  The  polUal  impnaaian  ia  atnmg,  dJataut 

from  the  deeply  crcnulated  margin. 

Ihe  eraaaentatioii  eomriiia  «f  SO  very  regular,  radiating  ribs;  these  ribs  are 
■Inite,  angular,  flattened  on  the  top^  porpendicuhur  at  the  sidea  and  wera  appafenfly 

smooth  ;  at  least  the  state  of  preservation  does  not  allow  to  say  -nlietlu  r  tlicv  mi^'ht 
not  have  been  granular,  but  if  so,  the  granulations  must  have  been  very  tine  and 
eaaily  nibbed  off.  The  intentioea  iran  of  tiie  aame  breadth  as  the  ribs,  perhaps 
sli-jlitly  hrnrulcr  on  the  right  valve,  while  in  tliis  case  tho  reverse  should  take  jifHf 
on  the  loft  one ;  the  difference  is,  however,  hardly  perceptible,  so  that  to  all  appearances 
theoraamentattoncf  bothvalrea  is  the  aame.  The  interstices  were  covered  with 
wmuKon^  Teiy  fine  eonoantno  linaa. 
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Ofo'ogicol  oecurrenee,— 

Zone  of  TonUel^pifitimm  prohhrhmmmt  Kama. 

Semarkii.— This  species U  eMifydUtingtudiad  firam  alltiw  otiben lijiti  critioalar 
diape  and  the  cliaraft^T  of  the  ornamentation. 

It  has  a  similar  sort  of  riba  as  Area  {Scapharca)  peetkentU,  but  is  roadilj 
dkttDgraialMd  by  its  dMnhr  ahtpe ;  on  the  o&er  liaiid  ttagnes  in  shqieirUli^rM 
{Anomalocardia)  mfo^iaia,  but  tin"  spci-ios  ;i]ij)arently  never  athiined  the  size  of 
Area  {Anomolecardia)  paieen»i»,  and  tho  ribs  although  being  the  same  in  number, 
dUEer  awterklly  by  their  granulated  appc^iranoe,  at  least  cm  the  left  ralve,  Itb 
obrions  tbat^^mi  {Anomalocirdia)  yatoemig  skmda  in  the  same  relationship  to  Area 
{Anomalocardis)  wjroen«i>  a«  does  ^rci  { Anomalocordio)  burneinto  Area  [Anoiiialo- 
oardia)  tkeobaldi.  In  the  latter  inj^tance  wa  have  seen  that  the  tirst  named 
gpedM  addbite  only  a  fafir  anterior  gnunikr  iIIm  on  ihe  tigltt  vsItb,  whfle  in  tiie 
mwnifl  ipnrii    the  ffranulations  extended  all  over  the  ribs  of  the  right  valve. 

In  this  instance  we  notice  that  no  granulations  can  be  noticed  in  Area  {Am' 
flMrftftfonfte)  |rMP«iMjt^  wUle  the  nbe  of  &e  left  tbItq  tm  8trongl7  granulated  in 
Afe»  (Aaomaheardia)  myoinrit. 

The  nearest  species  allied  to  it  would,  perhaps,  be  Aren  larkhanen<ii$,  d'Aroh.j 
which  is,  howBTW,  easily  distinguished  by  the  character  of  the  ornamentation. 

No  living  lebtire  of  Oil  ipeoiai  totSi  Iw  itmA  trideh  tbrndan  ngmaaiB  a 
Ijpe  extinct  amoni!:  the  fauna  ol  the  Indisa  Ooe«D«  but  irUflb  probably  had  lt» 
MaiMt  i^tlTo  in  the  fauna  of  thfllndbB  Eooeui. 


Aioi.  dkamuiMAXUu)  molinni  qiee.  nm^  FL  yi«  flga.  7.  i^e,  S,  m-^ 
».      10. «-/» 11,  Ua»  12. 
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The  shell  is  almost  orbicular  in  shape,  the  height  only  slightly  oxceedlntr  the 
length;  the  index  L/H  Is  tihenfom  Tory  small,  and  among  the  specimens  under 
enHTiination  it  does  not  exceed  1-26,  but  sinks  as  low  as  110.  The  Tal'ves  an  lob- 
eqailatnal,  a  little  obliqoe  and  Btrongly  inflated,  the  thieknets  of  both  valvM  being 


14B 


FAtmA  07  THE  MIOCENE  BEDS  OF  BUBVA. 


nearly  equal  to  tho  height,  though  it  seetm  that  the  smaller  valves  are  a  little  flatter, 
inMamdh  as  {he  thiolmeM  remains  oonaUanbljr  beiow  the  heighi.  The  umbo 
thou^'l)  inflated  is  low  and  strongly  prosogjric,  situated  somewhat  in  front 
of  the  median  line.  Pedal  and  uphonal  r^oos  do  not  much  differ,  though  the 
latter  u  Munewhat  longer  tsoA  slightljr  ooneave  tonruds  tiie  eardinal  niargin.  The 
antariormargm  is  broadly  rounded,  passiui:  in  a  broad  sweep  into  the  rounded 
ventral  margin,  which  in  its  turn  gnwlually  passes  info  (ho  short,  sti-ai!,']it,  pos- 
terior margin.  The  cardiual  margin  is  considerably  smaller  than  the  gi-eaUst 
lengUi  fil  tiie  TtlYt,  and  fonu  an  obtaae  anglB  with  holh  anterior  and  poetorioii' 
margins. 

The  hin'To  n.nsists  of  munerous  closely  set  toeth,  the  older  onc^  of  wliich  are 
very  small,  and  porpondicular  to  the  cardinal  margin;  tho  yoimger,  i.e.,  tho  outer 
flne«.  are  a  litCle  larger  and  obliquelf  set 

The  ligamental  area,  a<  sot'n  from  above,  seems  to  be  divided  into  (wo  re!^ion<' ; 
tbe  posterior  one  is  long  and  narrow,  bordered  by  a  straight  lino  which  reaches 
from  the  umbo  to  the  posterior  extremity ;  tbe  anterior  one  is  short  but  broad, 
hoidsred  by  a  eorred  line  extending  fram  tiie  nmbo  to  tbe  antfliior«ztrnmty.  Afeir 
oartilafie  grooves  visible. 

Tbe  muscular  scars  strongly  marked;  the  posterior  slightly  taller  than  the 
anterior  one.  Flallial  imprenion  not  well  marked,  eloaetotiie  dee^j  erennlated 
maigin. 

The  ornamentation  consists  of  24  to  25  radiating  ribs ;  these  ribs  are  very  uni- 
form in  strength,  simple,  and  separatod  by  interstices  which  are  slightly  broader 
than  tbe  rihs  on  tbe  right  nlYe,  while  the  reverae  takea  plaoe  on  the  leCt  tbIto. 

Tho  differenoe  is,  however,  so  alight,  that  it  is  hardly  porceptihlo.  On  flii:>  loft  ^  alve 
all  the  ribs  appear  like  strings  of  beads  by  very  regular,  rather  deep  ounoeatdo 
notehes;  it  appears,  howerar,  that  dnring  the  nealogie  stage  the  riheweie  smooth; 
the  interstices  are  covered  with  numerous,  fine  concentric  lines.  On  the  right  valve 
only  tlio  anterior  five  or  six,  as  well  as  the  posterior  throe  or  four  ribs  were  granu- 
lated ;  the  remainder  exhibited  only  slight  indications  of  tho  notches;  the  interstice* 
are  covered  with  fine,  rather  distant  oonoentiio  striaow 

Oeahglaat  cecutreMe^ 

Zona  of  JrM  lAwSeMi,  Eama. 

Bemarktt—HhU  specie-s  might  only  bo  mistaken  for  Area  (Anomolocardia) 
yffiMn«fs;  from  aU  the  others  it  is  easily  distinguished  hy  the  orbioular  shape  of  the 
valves;  from  the  former  it  diHesa  ehieflyby  a  nme  nniformly  inflated  diaU. 

the  concarity  on  the  posterior  region  being  much  less  developed,  and  paitionlai|y 
by  the  granulated  ribs  of  tbe  left  valve.  As  the  other  rclaliori'^  liavc  been  mentioned 
in  the  discussion  of  Area  {Ammaiocariiia)  fawtn$i§  it  is  uuuecesaory  to  repeat  them 

No  living  or  fossil  relative  of  this  species  could  be  diwovwed^  nUitil 
xegraaente  a  igrpa  eodanet  ankctag  the  ianna  of  tho  Indian  Oosai^ 
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AtOik  (Aoai?)  HAtnoDm,  £.  Mutiiw  PL  VII,  figs.  8,  a/,  4»«^. 
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The  shell  is  always  much,  loogor  than  high,  the  index  L/Q  raiTing  from 
to  S*01.  that  it  to  say,  Che  length  of  the  largest  specimen!  is  twice  its 
hoigkt.  The  sliape  is  noarly  roiy  rectangular ;  the  valves  are  rather  flat 
and  incquibtornl  ;  tlio  utnl^o  is  Httln  iuflafod,  very  dopr(»^5«d  and  situated  in  front 
of  the  middle  liuo,  but  somewhat  behind  the  Urst  third  part  of  the  length.  The 
pedal  fegioa  ii  diortf  attoniuttoa ;  the  dphonal  one  broad  uid  elongated,  but  a  littto 
ooDcaTe.  Tho  anterior  margin,  wh'.c.h  forms  a  pointed  angle  with  the  hinge  margin, 
is  obliquely  carved  baokwarda  and  slightly  sinuated,  just  below  the  hinge  mnr^Mn ; 
it  pasMS  giaduaUy  into  tito  stn^j^  Tontnl  margin  which  is,  however,  sli^iitly 
iinitttod  in  the  nUddle;  the  strsi^  posterior  mai^in  joins  both  the  oaidinal 
margin  and  the  ventral  marjpn  at  an  angle  of  90  ;  the  junction  is,  howevf^r,  mm  led 
off  in  the  latter,  while  it  forms  a  sharp  comer  in  the  former  ease.  The  cardinal 
matf^kA  is  Teotiliaear,  parallel  to  the  Tentnil  margin,  repieaentiQg  the  greatest 
length  of  the  shell.  A  hardly  perceptible  depressiflin  runs  book  the  umbo  tomuds 
the  ventral  niartjin,  producing  a  slight  sinuation. 

liie  ligameatal  area  is  very  long,  but  also  very  narrow,  widening  out  a  little 
just  in  Croat  ot  the  umbo.  A  fsnr  oaitilage  grooma  <ni  its  posterior  port 

The  hin^c  is  Im^  and  ronsistR  of  about  60  small  lami^llar  tootli  which  deorcaaa 
in  size  from  both  sides  towards  the  centre ;  the  poittciior  tvro-thirds  of  the  teeth 
am  obliquely  inoHned  baokmids;  a  few,  the  smallest,  just  below  flm  umbo  are 
perpendicular  ;  the  anterior  third  is  slightly  inclined  fonrards. 

Muscular  impMssions  ill  seen;  paUial  impnssion  entire^  dose  to  the  flraralatod 
margin. 

Bofli  vahes  aie  eorered  with  about  M  radiating  libo,  ihoiriag  an  angidar 

section,  BtA  on  the  top  and  perpendicular  on  tlio  sidi"-,  but  both  TalTes  Hiff^r  in 
that  regard  that  the  riba  of  the  right  valve  are  narrower  than  the  intetatioefi,  while 
the  rererse  takes  place  on  tiie  left  TalTO.  On  the  pedal  r^on  of  the  shell 
the  l9»  aza  Iwoadest  near  the  hinge  line,  and  gradually  decrease  in  thiokness  towards 
the  ventral  sinus;  the  middle  of  the  sinus  is  marked  by  the  thinnest  ribs,  and 
thence  they  inorease  again  till  th^  have  reached  the  same  strength  as  they  were 
ia  finmt  on  the  aiphoaal  ngioti.  In  lUs  ngavd  tiia  nhs  on  both  tbIvsi 
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are  the  a&me,  but  owing  to  tho  strength  of  the  riba,  tbu  feature  is  much  more 
marked  on  the  kit  than  on  the  right  Tahre.  On  the  left  tiItb  the  ribs  are  crossed 
bj  muneroQS  oonoentrio  lines  producing  regular,  concentric  closely  set  wrinlilos  on 
tbs  top  <d  the  ribs,  and  fine  linos  in  the  interstices.  Oa  the  ri?ht  valve  (he  rihs 
trere  apparently  tree  of  the  wrinkles,  or  they  were  at  least  only  feebly-  marked  and 
apparratly  cfaie^  on  the  aateiiov  riba,  while  ibs  intentksea  an  marked  with  nn* 
meirous,  <to!iiotiines  a  little  irregular,  oonosnttk  abtok 

Geological  occurrence. — 

Zone  fli  Area  ittoialii,  Kama. 

£«mar;(-«.— Itaiectangidar  shape  distinguishes  Area  (Aear?)  nanwidet  at  once 
from  all  the  other  species,  ao  that  there  exiata  no  doubt  aa  to  ita  apedifio  identiljy 
even  in  small  specimens. 

No  rimibraperiea  baa  Uthflrto  been  deaoribed  from  the  iBdian  Tertiaiiei,  bat 
Martin  describes  from  Java  a  species  under  the  uameof.ifrca  vannodtt  which  is 
ajn^^rently  ideutioal  with  the  specimen  from  liurma.  Theahape  is  exactly  the  samok 
bat  tinra  eeema  to  be  a  slight  diflleimoB  with  regard  todw  nba,  inaamaeh  aa  ICartm 
states  that  the  middle  ones  ace  deeply  bifurcate.  Owing  to  the  state  of  preserTatian 
I  hare  not  hwn  abl<;  tn  oh^crrn  this  feature  in  any  of  my  apeoimea^  but  there  avs 
jndieationa  which  render  its  presence  highly  probable. 

It  ia  remarkable  tiiat  none  of  the  lifiag  qpoeiei  mmieaanjwiiereiMarto^raa 
nanwdee,  a  lypo  whioh  baa  appaiaitly  died  out*  among  tbe  finua  of  tlie  Indian 
Ooeau. 

Amu.  (BaaBafia)  lAiATiava.  E.  Martin,  PL  YU^ilga.  6,  a^,  <^  a-d^ 

7.  7a,  8,  a-ft. 

}IM-ar.  .ir««ls<MfaM,K.]l|MUa.BiiMg  nr.a«1.0itidM.ndagit.Td.IU.p.lBI,pLZl]; 

CinawMdMr. 
Mauoamina. 

Twt-  narmalit. 

I..n(Ui.         Bfight.       L/fl.        I  L.ngih.  Iliight.  L/H. 


1.   7  0  mm,    .  S-O  na.  .  ]  10 

2    fi  S   a      •  *1  ■  .  I'M 

h.  T»r.  rnrinata. 

(a)  htgliC  tiIto  H°l  mm..  60  mm-  .  160 


1.    6  l<  aim.    .    i1  mm.    .    1 41 

a.  af  N    .  41  .   .  ia» 

({)  LM  yUn  6  6  mm.  .  4iA  mm.    .  l-fii 


Tliis  is  n  small  species  which  aj)parently  does  not  attain  a  aizo  of  much  over 
8  mm.,  its  shape  is  trapeuform,  transversely  elongated,  the  length  always  exceed- 
ing the  beight  oooriderablf,  aa  ia  Indioated  Iqr  the  iadaz  I^H.  The  ahell  ia  rather 
flat  and  suboquilatoral,  the  umbo  hfins  slightly  in  front  of  tho  median  line.  The 
umbo  is  pointed,  depressed,  somewhat  liattened  on  the  top  and  incurvated  Pedal 
region  aborti  roanded ;  aphonalane  abort,  tnmoaiad.  A  Tefyahanoir hardly  perceptible 
depression  runs  from  the  umbo  towarda  the  ventral  margin ;  a  keel  which  runs  from 
tl^e  umbo  to  tho  posterior  corner  varies  greatly  in  sharpness,  in  all  speoitnens  if  is, 
bowerer,  well  marked  at  tho  umbonal  region ;  in  some  of  the  specimens  it  becomes 
np9d«d  vtA  diMVpeameBtinlj,  libSk  in  tbo  w,  wi»ata  it  lamaina  wall  deOned  • 
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and  sharp  throughout.  Smooth  ribs  dutinguuh  this  speoies  o&alj  from  all  tho 

In  front  of  the  keel  the  surface  is  slightly  but  uniformly  inflated,  behind  it 
it  is  deeply  conoare.  The  anterior  margin  which  forms  an  obtuse  angle  vith  the 
oanlinal  margin  is  broadly  rounded  and  passes  under  a  rounded-off  oorner  into  the 
•Iniglit  Temtnl  margiii;  fhe  itaii^bnt  oUiqne  poatorior  mangjii  joini flie foniMr 

at  a  pointed  rniijle,  the  corner  being  rounded  off,  and  the  latter  at  an  obtuse  angle. 
Cardinal  margin  straight*  considerably  shorter  than  the  greatest  length  of  the 
Ttitn. 

The  hinge  consists  of  not  Teiy  many  small  lamellar  teetii,  which  are  arranged 
in  a  curved  line,  the  anterior  and  posterior  ta?th  which  are  obliquely  sot  bcin:»  the 
largest.  Ligamental  area  long  and  narrow.  Muscular  scars  comparatively  large, 
but  ill  seen.  ICargin  minutely  ominlated.  The  onuaneniation  is  the  same  in  both 
valves  and  consists  of  numi^rous  vorv  fino,  filiform  radiating  ribs,  wliic}!  are  equidis- 
tant* but  apparently  muoh  more  closely  set  on  the  right  than  on  the  loft  valve. 
Tomxin  fhe  margin,  finer  ribs  an  interoalatod  in  an  irregular  way  between  two 
prinuoy  ones.  In  some  specimens,  apparentlj  tibe  TW;  4Mirt»a/o,  only  numeroos 
regular  concentric  ribs  oioM  the  ladiating  onei,  pradnoing  a  minute  gnuinle  at  the 
point  of  inteiseotioQ. 

Zone  of  JrM  theobaldi,  Kama. 
Zone  of  Pholtu  orienlali;  Thayetmyo. 
.  JZemnrl:!.— It  seems  at  first  not  Tery  commendable  that  two,  to  all  appearances 
resj  different  varieties,  should  be  included  imder  a  common  name,  but  attfaoagb  mj 
material  is  very  scanty  I  can  fully  corroborate  Prof .  Martin's  statonipnt.  Tlie  chief 
diHercnoe  rests  in  the  formation  of  the  keel,  which  is  very  sharp  in  the  var.  emitiata^ 
giving  it  quite  a  peoaUar  appeanmee.  In  the  nonnal  Tarietj,  or  at  leatt  tiiat  ft»m 
^Hiieh  I  consider  as  the  normal  variety,  the  keel  is  ordy  visible  at  the  umbonal 
ret^'ion,  afterwards  it  becomes  effaced  and  the  posterior  region  which  has  been  BO 
neatly  set  oif  in  the  var.  earinata  becomes  merged  into  the  general  surface. 

It  ihooM  ha  meMttQMi.ailaart  aaftup  asoanbe  indgei  fcomtha  aonty  naa^wiltl, 
that  the  specimens  from  Burma  show  the  same  peculiarity  ai  fhoM  from  JaTMi 
namely,  that  chiefly  the  elongated  specimens  are  carinated. 

Theneanst  rdativwof  tUi  ipeieee  an  mqneitionabfy  ArtrntfrnmuMtu,  Beerei, 
and  Area  »euiptit%*,  Eoeve,  two  speoiea  living  mnrad^^  at  the  FUIIi|nn«; 
the  former  has  also  been  found  near  Sinerapore.  As  T  have  no  specimens  for  com- 
parison, and  as  Jieeve's  Hgures  are  not  HuUicient  tor  such  minute  distinction  I  am 
vnabht  to  aagr  to  which  of  the  two  apeeiea.  wUoh  apparenllf  leaemblo  eaeh  otihor 
greatly,  Area  batnniana  is  closer  related,  the  more  so  as  perhaps  Area  <«M«Afjflat 
Beeve,  and  Aroa  naoioella,  Eeeve,  the  latter  probably  corresponding  to  the  rar. 
ur  'iMta,  sfaoold  also  b«  taken  into  oooalderation.  It  ia  notioeaUe  that  most  of  these 
apaoies,  ono  of  whidi  il  probably  the  descendant  of  Area  {Barhatimi  Mwrim>im»  liw 
nowalays  in  eastern  aoai^  while  thta  typo  is  estiact  among  the  pfeaeot  £uuia  of 
the  Indian  Ocean. 
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Aeca  (S(  apharca)  peetheksis,  d'Archiac  and  Uaime,  PI,  VII,  fi?.  9,  a-c. 


IMS.  Area  pttthtnoM,  d'  Archiic  uiil  Htimt,  Urn.  aaia.  tarn,  da  v^gt  nan.  da  1'  Indt^  p.  243,  pi.  XXU, 

MUBVUKBRR. 


(a)  Right  film. 

(8)  Ltftml**, 

LfDgtb.  Bright. 

Tbi«kMM. 

■L/H. 

Lrngth.  BrigiA- 

ThieliMn. 

L/H. 

80-8  mm.    .  31 2  mm. 

.    11'3  mill. 

.  1-24 

&S'3  mm.     .       f  mm.  , 

i  mm.  . 

r 

36-7   .,      .   240  „ 

.   ItH  . 

.  Ml 

24-7   ..      .    1*5  „ 

83   .,  . 

1-33 

Ul  .    .  tt-s  „ 

•    9r%  „ 

.  1-u 

104  .    .  i«-a  , 

.     M  «  . 

111 

Its  ,     .  IM  .. 

•    M  . 

.  IM 

wf  »    .  us  . 

■    •«  ,  . 

!•«• 

IB'4   ,.      .    14-4  „ 

5-«  , 

1-27 

The  length  of  the  rbomboidal  ahell  exooeds  the  height  to  a  uxuHl  extent  as 
Men  from  tlw  abore  kdioet  L/H ;  tiw  djff<nooelNiiv]iowi0TeriiotTery  krga. 
Both  Talvea  are  ttEOm^y  gihbou.s,  the  point  of  highest  inflation  being  hdow  ^ 
umbo  in  the  posterior  region  of  the  sholl.  The  umbo  is  low  and  depciessed,  some- 
what flattened  on  the  top,  situated  close  to  the  anterior  margin.  A  Htrong,  though 
obtnw,  keel  nuu  firam  the  umbo  to  the  poaterior  oomer,  in  front  (rf  -nbioh  the  Talvo 
is  vmiformly  inflated,  whilo  behind  it  the  surface  dips  rf,peply,  and  is  slightly  concave. 
Thcj  pedal  region  is  very  short,  contracted;  the  siphonal  onn  hroadly  expanded. 
The  autcrioir  maigin  b  shortly  romided  and  forms  nearly  a  right  angle  niih  the 
lungs  line  pa'^sint;  in  a  broad  swoop  into  the  nearly  straight,  but  very  oblique 
TBDtml  margin.  The  post4^rinr  ninrgin  M-hich  is  slightly  c\irvetl,  forms  an  oblique 
ffUglA  with  the  cardinal  margin,  and  a  right  one  with  the  ventral  margin,  tiie 
qorner  of  junction  being  loonded  off.  The  ligamenial  ana  la  kog,  and  oompaxa* 
tively  broad,  cartilage  grooves  numerous. 

Hinge  long,  extending  over  tbe  whole  length  of  the  hinge  mai^n,  and  con* 
Bisting  of  numerous  teeth,  the  central  ones  of- vhieh  are  very  small  and  porpendi- 
4ialartolliBUage  line.  A  very  few  at  the  posterior  and  antwkr  eKtnmity  an 
oUiqnal^  dlrcctwl,  and  exceed  the  others  grt-atly  iti  length. 

Anterior  muscular  scar  rather  small,  posterior  one  large ;  pallial  impression 
strong)  dew  to  llMmBigjii,  wbieli  k  deefdy  cramilaied.  TIm  watam  fa  oorend 
vith  39  to  40  radiating  ribs,  which  are  Munewhat  broader  than  tlio  iiu^  r>riocs  on 
the  left  valve,  while  they  are  slightly  narrower  on  the  right  valve,  though  the 
diflerenoe  is  hardly  perceptible.  Ihe  ribs  are  of  uniform  strength,  flat  on  the  top^ 
OTgyi«<>anil  aare  appawafly  amoofli.  at  least  far  the  gteater  part  of  their  length ;  on 
UlB  anterioir  ribs  of  the  left  valve  and  probably  also  on  the  poBterior  ribs,  a  ]oni:i- 
tudinal  punctured  line  was  engraved  indicating  an  indistinct  bifurcation;  the 
median  ribs  appeared  indistinetly  bipartite  towards  their  ventral  extremity. 
WithMgaid  to  the  right  valve  I  amnnable  to  say  whether  it  exhibitc<I  the 
Kame  feature  or  not ;  if  I  am,  howover^  not  mistaken,  only  a  few  ot  the  tt^tenor 
ribs  possessed  the  longitudinal  furrow. 

Otologioat  teown^^ee.— 

Zone  of  Tarallelipipedum  prototortuonm,  Kama. 
Zone  of  Phola*  orientaHt,  Thayctmyo. 

Memarki.—lh/n  speoimena  wbieh  have  come  under  emminatiQiB  are  all  somueh 
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HOtDi  thai  I  had  the  greatest  difficultj  iu  dioovering  the  minute  omaTnentation 
of  the  pnnetusto  Bne  <m  the  anterior  ribi.  I  haye,  lunreTer,  astisfied  mvs«  if  that 
this  is  actually  the  oase,  and  as  the  shape,  the  number  and  the  general  character 
of  the  ril)8  fully  a<rrec  with  the  doscription  Mossw.  d'Archiac  arul  Hairao  L'ivo  of 
this  species,  I  have  not  hesitated  in  ideutif^'ing  the  specimens  irum  Burma 
vith  Arett  pe^hentU,  d'Arehiao  and  Haime. 

From  all  tht*  other  Area  {Scaphnrcn]  pcrfhensin  is  ea^ly  diattngaiiliBd  bjT  itt 
rhomboidal  shape  and  its  seemingly  smooth,  rery  uniform  ribs. 

No  living  relatlTB  of  thia  apeoua  ooold  ba  discomed  among  the  famia  of  the 
Indian  Ocean,  and  it  is  undonbtabla  that  it  represents  an  extinct  iriikii 
probably  had  ita  naanai  idatiTeB  amoDg  the  Caona  oC  the  Indian  Sooene. 

2.  Genus  :  PAUALLELU'IPEDLTM,  Klein. 

This  peculiar  genus  is  said  by  Messrs,  Adams  '  to  include  two  livins^  sponiea 
rinly,  viz..  Area  {ParallelipipedufA)  lemitoila,  Lmk.,  aud  Area  {Farailelipipedum) 
toriuoM,  lianit  a  Tiew  whiob  has  been  aocepted  by  moat  aulhora.  Fiaeber  '  ewrecf^ 

remarks  that  a  third  species,  TaraHe^ipipedum  kurrarhemi»,  d'Archiac  and  Unim*-, 
must  be  added  to  this  number,  but  as  may  here  bo  stated,  tbit  species  does  not 
occur  in  the  Eocene,  as  Eiacher  vaa  led  fo  auipoee,  but  tn  the  Ga^aa  bad 
of  WeBtarn  India.  Parallelipipedum  proMortuouim  from  the  IGooeoe  of 
Bnrma  cornea  in  as  the  fourth  species.  So  far  as  we  know  the  fossil  representatires 
are  natricted  to  the  Miocene  of  India  and  Burma,  while  the  liriag  onea  iahabk 
the  ChinMeaeaa. 

The  living  Parallelipipedum  tortwMum  oomes  closest  of  the  two  to  the  foasU 
Parallelipipe<i»*n  proiolorluoBum,  but  it  is  easily  distinguished  by  its  larger  size 
and  by  the  serrated  keel  of  the  poeterior  r«>gion.  If  I  am,  howerer,  not  very  much 
miataken,  at  taaat  to  judge  bam.  Beere'a  flguce,  u  I  have  ae  apeoiinen  of 

Area  tortuota  for  comparison,  the  younf^  ^specimens  of  this  species,  in  which  tha 
keel  was  not  so  markedly  developed  as  in  the  fulUgrown  indiridual,  exhibit  a 
remarkable  likeoMa  to  the  IfiotMne  apecies,  ia  partionlar  with  regard  to  sba]le 
and  the  diffeienee  of  sculpture  of  anterior  and  yiosterior  region.  In  the  living 
Jif^  tortunaa,  M  well  as  in  the  fossil  ParalUlli'ipedum  prololortuutum  t\iQ  ■^eAaX 
Kgion  exhibits  fine^  closely  set  filiform  ribs,  which  become  nearly  effaced  on  the 
aipbonal  ngioo. 

Taking  all  the  chief  features  into  consideration  I  daieaay  that  I  am  not  Tery 
much  mistaken  if  I  consider  JParallelipipedum  proMortucwm  as  the  predeeoMor 
of  the  liriog  Farailelipipedum  t»rfMO§»m,  Thia  genoa  ironld  have  flrat  made 
ifa  appearanee  in  the  MUMane  «f  Weateim  India  and  Burma,  and  haTiog  died  e«t 
in  the  Indian  Ocean,  is  restricted  at  the  pnaint  tune  to  the  Ohina  Seaa,* 

'  Qtnctm  of  itacnit  MoUam,  [age  i88. 

•  WUU  UU  k  b  a*  iraa  I  imiii  MMOf  At  fii«ai  tea  tlw  M«kiMi  ««mI  mIImM  hf  Dr.  Bkafimi 
tgt*mmMAmtm*nUUa^MMrvwUdffifUmfrHdirltmn$  tth ftciw to ttonTwi wuM to 
fsttt  «NN(|r  la  th*  VMlpa  CWK. 
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PAftAiuunvunni  rwo/stmummit  •peo.  nor.,  PL  Yll,  flga.  10,  a*/,  11,  «■/• 
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Shell  subequiTalve,  inequilateral,  quadrangular,  twiated  in  a  very  peculiar 
way,  ooTOwd  with  nmnatoiu  fine  radifttiof  tibe. 

(a)  Bight  valve. — ^The  right  Talve  Is  always  oonaiderably  longer  thiiB  hig^| 
the  above  figures  which  bare  been  taken  from  veil  preserved speolmens  only,  prore 
that  the  iudex  L/R  varies  considerably,  the  lowest  figure  observed  being  1'46, 
th«  U^wsl  1-76,  that  ia  to  layt^lcBg^aaiyvuytroiBkisttull  times  to  1} 
I  the  height ;  the  average  ht/w^  16:',  dgjUt  of  the  above  number  baingbdoiri 
I  mbove  the  average,  one  only  representing  the  average  index. 
It  ii  tiMrsfoM  obrlbiM  that  tha  shape  of  the  valte  is  aomewhat  wriabla 
allhODgb  the  general  outline  remains  the  same.  Roughly  speaking,  its  shape  is 
Biib-quadran2;ular,  but  very  inequilateral ;  the  pedal  region  is  short,  rounded,  the 
sipbonal  one  broadly  elongate  and  truncated.  The  rounded  anterior  margin, 
vUeh  romw  nearly  a  right  angle  with  the  oanlinal  maigia,  iMtasea  gradually 
into  the  straight,  but  slightly  sinuatcd  central  margin,  whiell  runs  in  an 
oblique  direction  forming  an  angle  of  about  20°  witb  the  atRUoal  margin. 
The  posterior  margin  is  atraigbt,  and  forms  an  angle  of  aihoot  00*  iriih  liolb 
eaidinal  and  ventral  margin,  the  oomen  being  rounded  eC ;  the  eardiaal  maigin 
trhich  is  rectilinear  nearly  equals  tlio  greatest  length. 

The  umbo  is  small,  somewhat  inflated  and  depressed,  situ&ted  in  the  anterior 
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third  of  the  length.  The  valve  is  moderacelj  tumid  in  its  aoterior,  aiightly 
ooBoare  in  iii  postsrior  legioa.  A  itrong,  but  Mmewhkt  obioiiraly  de&iied 
rounded  keel  accompanied  in  front  by  a  sliallow  furrow,  runs  from  the  umbo 
towards  the  posterior  corner,  gradually  flattening  in  .ventral  direction.  The 
poBtero-ventral  part  of  the  valve  ia  tongue-Uke^  eloagated  and  twitted  inwarda 
in  laoh  a  peoalitf  mj  tiiat  mm  fkom  tAton,  it  formi  aa  angle  of  aboat  60^  with 
tin  cardinal  lino. 

The  ligamental  area  is  very  long  and  exceedingly  narrow,  exhibiting  a  few 
engiaTod  lines.  The  hinge  it  ■tiong  end  ooniiite  of  nnmarons  lamell ir  teeth  amnged 

in  two  gproups,  which  are  lying  in  two  different  planes.  Tlio  anterior  group  being 
the  smaller,  consists  of  about  IR  teet.)i,  decreasing  in  lentjtli  in  post<!rioi-  elirection, 
and  being  obliquely  inclined  forwards.  The  posterior  group  of  about  double  the 
length  oontainB  SO  teetli  indiaed  baekwards  and  desnaslng  in  liae  in  antetior 
direction,  the  point  where  both  sets  meet  beitiL'  just  below  the  umbo. 

The  surface  is  covered  with  numerous  tine,  iiliform  radiating  ribs,  separated 
by  interstices  of  more  tban  donble  the  breadUi ;  their  number  ii  increased  by  the 
aomewhat  irregular  intercalation  of  finer  ribs  in  the  broad  interstioea.  JPtne 
stritc  of  growth  are  srm  all  over  tlio  whole  surface,  but  towards  the  margin  they 
become  coarse  and  oloeely  set,  rendering  the  ventral,  but  particularly  the  posterior 
margin  hunelkc 

The  nuMoolw  lean  are  Uugei  ibe  pslM  impreiiion  ebaiplj  defined,  Ae  edges 

levelled. 

(6)  Left  valve.— In  the  left  valve  the  index  L/H  variee  bom  1*44  to  1'87  ;  the 
avenge,  being  1*50 ;  dtboagb  the  length  of  the  left  valve  may  link  to  leas  than 

times  its  height,  it  may  ri'-e  to  considerably  more  than  1 J  times  its  heiijbt  ;  the 
above  figures  seem  to  indicate  that  in  the  average  the  index  L/H.  is  a  little  smaller 
than  ia  the  fight  Talve.  Among  tbe  above  speeimeoi  9  aie  above  and  11  belov 
the  avenge^  whicli  may  porha])^  account  for  the  small  discrepancy. 

Of  course  the  sliaiie  of  tho  valve  is  variable,  but  seon  from  above  it  generally 
appears  to  be  triangular  owing  to  the  strong  twist  of  the  anterior  portion.  The 
featnea  ef  the  margimi  an  Oe  same  aa  in  the  right  valve,  bat  the  left  one  ia 
much  more  inflated,  and  tho  posterior  keel  broad  but  ill  defineil,  as  well  as  the  de> 
pression  in  front  of  it  is  broader  though  shallower.  Instead  of  the  posterior 
portion  of  the  valve  being  twisted  aa  In  the  right  valve  the  anterior  one  is  so 
strongly  tiriitad»  that  it  forms  sometimes  nearly  a  right  angle  with  the  hinge  line* 
the  anterior  group  of  teeth  being  nearly  flat  when  seen  from  above. 

The  binge  and  other  internal  features  are  the  same  as  in  the  right  valve. 

The  omanantalSan  oonaiBtB  of  numemns  iUifbnn  ndiating  ribs,  which  an, 
however,  stronger  than  on  tho  right  valve,  in  such  a  nannor  that  the  ribs  are 
broader  than  the  interstices.  The  former  become,  however,  nearly  effaced  ou  tlie 
posterior  region,  where  they  are  only  iudistinctly  seen.  The  intercalated  Encr 
ribeaiewUmarlttdi  in  tiwintaaatloes  noneroaa  fine  and  vary  ngnlarstriaBanto 
be  seen  producin  ^  a  kind  of  fine  lattice  wwlc   Ooane  atliBB  of  growth 

become  numerous  towards  the  margin. 
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The  teat  is  oompamtirely  thin,  varying  from  01)15  mn.  to  l-t8  mm.  ta. 

Oeolcgical  occurrence. — 

Zone  of  Farallelipipedum  protoUfHuotum,  Kama. 

SfflMfJtt.— -At  the  flsit  glaneek  partioidailj  when  oomiwrad  with  MflHiHi 
d'Araliiac  and  Ilaime's  Ggure,  it  might  appear  that  this  speoies  ia  identlotl  irith  Arem 
iurrachentit,  d'Arcb.  and  Haime.  I  havo,  however,  compared  spocimcns  fromSiad 
with  those  from  Burma  and  ooaviaoed  myself  that  the  latter  represent  a  diilerentape> 
«iea.  ^rMAiMVM9i«Miv  is  olmiidi  larger  die,  mora  vegii^ 

and  much  less  tvdsted  nnd  the  ribs  are  mueli  coarsfr  than  those  of  Parallelipipedum 
jtrotoforluotum  ;  in  f  let  the  whole  habitus  of  this  species  proves  that  it  is  closer 
telhtted  te  JPonllelipiijedum  $emUoftmm  thsQ  to  Fatallelipipedum  protohrhiMim, 
As  already  pointed  out,  the  latter  bears  a  close  relationship  to  the  living 
Farallelipi pedum  tartwovtmt  whioh  is  piobabl|  the  dinot  dfWfdwM  of  the 
Miocene  species. 

8.  Genus:  OUCULLAEA,  Lamarck. 
COOOLLASA.  P£oiocoMCA.it£BArA,  spec.  nov.,  Fl.  VIII,  figs.  1,  la,  S. 

MiAscuuim. 

.  Wmu.  mam.  IDO 

The  shell  is  trapo2oid  in  shape,  lenj^th  and  height  being  apparently  equal ; 
the  index  L/M.  is  therefore  very  small,  probably  aot  much  above  1 ;  it  is  strongly 
inflated  and  iBequIntenL 

The  umbo  ia  tumid*  inoumted  and  pnsogyrlo,  sltntted  alighflj  ia  bonft  d 

the  middle  line. 

The  pedal  region  is  short,  high,  obliquely  rounded ;  the  si^honal  region  is 
short,  liigli  and  trvnoated. 

The  anterior  margin  is  long,  oblique  and  oonroii  pSBsin;^  qradually  into  the 
rather  short,  slightly  convex  ventral  margin  ;  posterior  margin  long,  oblique, 
fonmng  a  sharp  angle  with  the  ventral  margin  ;  ooidinal  margin  long,  straight, 
forming  an  obtuse  angle  with  both  anterior  and  posterior  margins. 

A  sharp  keel  runs  from  the  umbo  tonrards  fto  posterior  oomsr  S  behind  it  the 
surface  drops  steeply  and  is  slightly  oonoave. 

As  far  as  eu  be  BSCB,  oiwiiig  to  the  rather  mum  stoto  of  the  aholl,  tlie  smfiMW 
vas  eovered  irithnamarouslKioadt  flat*  ladiatiBg  rilis  wUeh  aie  sepeiated  hj  dosplj 
engraved  linear  interstices. 

Hinge  not  well  seen*  bat  the  horiaontal  teeth  at  its  posterior  and  anterior 
eitreimty  distiiietly  Bit|M]sed« 

Internal  oharactrrs  not  olMBtfed* 
Ge<Aogioal  oceurrenee,— 

Borison  unknom.  Xhayetmyo. 
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Memarkn. — There  can  bo  no  (lou})t  as  fo  the  ETRneric  position  of  this  ppecies, 
because  the  homontal  te«th  at  either  extremity  prove  that  it  ia  a  typical  Cuoulla^. 
TIm  ipedBo  oIiuMiteni  aonld*  boiww,  not  very  satiafaetorilj  be  nia(!«  ontt  beoaoie 
only  two  speoimeos  bare  been  found  which  are  rather  strongly  weathered. 
The  valuable  characters  of  the  surface  ornamentation  could  thereforo  only  partly 
be  made  out,  by  which  the  dUcussioa  of  the  relationship  of  this  species  will  be 
ininenoBd  in  wnne  mj. 

It  is,  however,  certain  tliat  it  differs  by  its  ornamentation  from  Cuculhiea 
grtMuUMOt  Joaas ;  the  ramaiDiog  two  species,  C.  eoncamerata  taxi  G.  auriculffera,  aie 
bgr  mm  volOum  ooad^rcd  aa  idantfcal,  a  question  wbioli  I  do  not  want  to  daoida. 
The  idmtififlatkn  of  the  fossil  species  is  therefoire  aomewbat  difficult ;  from  compati* 
son  with  a  specimen  determinfyl  a-t  Cucullaea  eoncamerata  from  the  Indian  Ocean, 
I  hare,  howeror,  coaviaced  myself  that  it  is  certainly  the  nearest  relative  to  the 
foaiiL  ipooiM ;  it  Menu  to  differ  only  by  a  krger  iSmo  and  anmowbat  ooanor  oma- 
niAntation,  a  featurn  whioli  is  quite  ia  harmony  with  similar  obserrationa  mads  in 
oilier  species.    I  therefore  preferred  to  describe  it  under  a  new  name 

Under  the  name  of  Cueullaea  auricul{fera,  llartin  describes  a  species  from  Java 
wbiob,  if  not  ideniiea],  appean  to  be  dowly  nlated  to  the  Burma  ipeoifls,  but  I  quae- 
tion  whether  it  is  really  identical  with  thn  livin;^  Cucullaea  auric ul[fer<t.  T  rather  feel 
inclined  to  think  that  the  fossil  species  dillers  by  a  generally  smaller  shell  and  a  more 
ddioato  omanMntatiOD  from  the  robust,  living  Oue»Xta$a  mmemUfera,  a  feature 
whkh  ia  obl^ous  when  Martin's  figure,  as  wellaa  that  of  the  species  hero  described  are 
compfired  with  Reeve's  figure.  I  have,  however,  no  doubt  that  the  nealogic  stage  of 
Cucullaea  auriouU/era  must  have  rewmbled  so  closely  to  the  fossil  species  that  it 
•eeme  anqnestionahle  tiiat  it  has  developed  from  that  apedea.  Ito  taller  aiie  aoid 
the  somewhat  co  irscr  ornamentation  would  be  quite  in  barmonf  with  the  dmJiAr 
tendency  of  evolution  observed  in  other  species. 

If  thoTlew  of  the  identitj  of  CfucuUaea  mtrieulifer*  and  CwettUaea  eoncamerata 
should  hold  good,  the  apeeiea  from  Java  and  Burma  would  therefore  be  identical* 
This  question  can,  however,  only  he  eettled  aoompexatiTO  atndj  of  the  two  above* 
mentioned  recent  species. 

nmilj:  SVCULin^  Gnj. 
6eB«:  NUOULA,  lamaiok. 

The  deaetipiion  of  the  apedee  hekmgipg  to  tiiie  genne,  at  leaat  the  foidl  ones, 

suffers  a  great  inconsistencr,  inasmuch  as  ntimorous  palse  nitologists  up  to  quito 
recently  termed  the  posterior  (siphonal)  region  of  the  ebell  the  "  anterior  "  one,  and 

Iv>«ve  lu  his  monograph  of  the  genus  Nucula  has  already  stated,  "posterior  side 
8hort«T,  with  apices  turued  towards  the  posterior  side,"  and  Wood  iu  his  monograph 
of  the  Eocene  bivalves  of  EoglAud  says  on  paje  103|  "  in  this  genus  it  is  often 
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diflBcult  to  determino  in  descriptions,  whioli  part  is  intended  for  the  'anterior'  as 
that  term  is  applied  souietimea  to  the  shorter,  at  others  to  the  longer  diristoo  of 
ibe  shelL  It  ia  therafare  quite  obvbnia  tbat  tiial  fMurt  of  «be  abtU  wbieb  bu  been 
tonned  'lunula*  by  those  palaeontologist",  considering  the  shorter  region  the  anterior 
one  is  oothomologoaB  to  the  lunula  of  otber  bivalTes  but  to  the  esoutobeOD,  and  »ic€ 
vend.** 

A»  tbe  terminology  of  the  shell  is  taken  from  tho  position  of  ilie  nntynal,  the 
term?  "  :\nterior  "  and  "  posterior  "  should  be  strictly  applied  to  those  parts  of  tbo 
shell  towards  wbiob  the  pedal  and  siphonal  side  of  the  animal  is  turned. 

I  ahaU  tberafoie  term  fhe  abarter  segkm  fbe  **  povtefior  **  one*  ud  oaU  wUh 
Fisher,  Bernard  and  otben  tbe  umbo  "opbtbogyriob"  Lt^  tamed  in  poeterfor 
direction. 

$o  far  two  species  are  known  from  the  Miocene  of  Burma  which  can  he  diatfat* 
goisbed  in  the  following  w»y  :— 

A.  Umbo  rab-oentnl,  smitsliaoD  ai:d  hank  sshildtiag  tnaspsras  stria  j  tapkoBal  ngwa 

tolanblj  loog. 

B.  Uaslw  ttrminal,  cacntchMii  sad  lasiala  osA  shistsdf  sipliOMl  sspMisij  short. 

Ko  living  relative  could  be  dtiicuvored  of  iVvcuia  phayreiana  which  unquestion* 
•bly  represents  a  type  extinet  among  the  fanna  of  tbe  IndUm  Oeean.  On  tbe  oOmt 
hand  Nucula  aUsoeki  seems  so  closely  related  to  tbe  living  Nwomla  wmmiklgUt 
Be«re.  that  both  apeoiM  might  be  almost  ooniidend  aa  ideoticaL 


BucDia  AsoaeOt  KoetUng,  FL  TIH,  figs,    en),  4^  4a,  ft,  8a. 

}B«L  JTamds  «IMKV«illls»llw.t«M.im 

TaLZZVlI,  pt.  1,  ^C|L  I.  I^K. 

UusoKunKn, 

Lngtb.  I^V. 
Miialw  .  man.  .  U'lu.  .  m 

The  ahell  fa  trigonal  in  shape,  ineqnilatenl,  transrerselj  elongate  and  Miiflidair' 

ably  longer  than  high,  but  rather  flat.  The  uml>o  is  pointed,  but  low  and  depressed, 
opisthocline  aud  situatt^din  tho  posterior  third  of  the  length.  Pedal  region  elongated, 
elliptically  rounded,  siphonal  region  short  and  attenuated.  .Anterior,  ventral  and 
posterior  margin  form  a  broad  enrre^  wUeh  jmna  tbe  poaterior  poitioa  of  tbe  eardioal 
margin  at  a  sharp  an^lc,  while  the  juncture  of  the  auterior  portion  is  rounded  oft 
The  cardinal  margin  is  long,  angularly  broken,  forming  an  angle  slightly  in  excess 
of  90^;  its  anterior  portion  fa  slightly  conrex  and  nearly  doable  the  length  of  the 
po>^terinr  ono,  wblallfa  slightly  conoaTe. 

There  is  no  ornamentation,  the  whole  surface  being  pcrfwfly  smooth  ;  even  con- 
eeotric  stri^  of  growth  are  hardly  visible,  but  when  slightly  worn,  a  peculiar  striated 
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sculpture  appears,  which  is  however  due  to  the  composition  of  the  test.  Below  the 
smooth,  extraneous  and  on  tho  top  of  the  inner  nacreous  layer,  oxists  a  lajer  whioh 
is  composed  of  numerous  fioe  radiating  strioB,  ribs  so  to  sp^ak,  the  iDteniuM  ol 
trliiob  an  lllkd  irith  homoseDous  matter ;  eaoh  of  these  ribs  ooRwponda  to  a  ennola- 
tion  of  the  inar^'in.  I  formerly  believed  this  to  he  a  primnry  ornamentation,  but  I 
bare  since  coaviaced  myself  tiiat  it  is  only  of  a  secondary  character  due  to  the 
malhBting  of  the  nxfaee  lajer. 

Tlio  escutcheon  is  pretty  largBi  digbtly  concave  and  wdl  oinaDMribed  hy  a 
rounded  keel ;  there  are  a  few  fine  transverse  ribs  which  increase  in  «iz»  anteriorly 
on  its  central  portion ;  these  ribs  or  striw  aru  nothing  else  but  the  external  marks  of 
the  posterior  taetb.  I  bav«  also  oonvinoed  myaelf  tliat  tbegf  are  not  a  Moondaiy 
feature  due  tn  ^vorithering,  but  that  they  are  well  marked  on  the  external  layer  of 
well  preserved  speoimeos.  The  lunula  is  long,  narrow  and  as  well  dotined  m  the 
eseutobeon;  it  ii  mU'lMd  on  either  lidewttli  a  Hue  of  iboftrtniuTerse  granules, 
increasing  in  size  fiom  the  umbo  in  anterior  diieotioD*  wbiob  are  Uie  ezteraal  muln 

of  the  ant^-rior  teeth. 

Xiiganiontal  groove  rather  large,  triangular,  obliquely  turned  furwards. 

l>etb  BuuMKHw,  angularly  broksii,  the  internal,  iA*  tbe  older  onesy  nmeh 
amaller  th-in  til''  oxtorn;il,  i  c,  the  younger  ones. 

Muscular  scars  well  marked,  margin  finely  crenulated. 

Geological  ocourreuee.'— 

Zone  of  Meloeardia  mttrnmlfmriit  Stoga. 
"Zone  of  Ca»eeltaria  ifMrtiniano,  Mitibu. 
Zone  of  JParaqftttkui  caeruleut,  Yenangyat. 
.  Zone  of  Ar9A  ^teobuldi,  Kama. 

BmmrU.—'Umtin.  d'  Arebfao  and  Halme  deseilbe  tiro  speoiee  dl  Nimta  troa 

Western  India,  both  of  which  seem,  however,  diffemit  from  tbe  apedes  hfre  men> 
tioned.  Nucula  (?)  margaritanOt  Lam.  var.,  might  perhaps  be  compared,  but  the 
figure  of  this  tpecies  is  too  indefinite  to  alloir  for  any  certain  conclusions  to  be  drawn 
It  ■eems,  bowerer,  that  the  index  L/H  was  nneb  laqger,  and  tta  dull  fbenfoie; 
leai  compressed  in  ventro  dorsal  direction  than  Nucula  ateocii  is;  the  peculiar 
OcnameDtation  of  lunula  and  escutcheon  appears  also  to  be  absent,  so  that  the 
probftbilify  that  botb  epedea  an  identioal  ia  -ntj  email. 

The  other  apeoie^  NmOm  aMM»  d*  Aidiian  artd  Waimp,  dURm  euMideBabljr  by 
ita  shape. 

Prom  A'ucula  phayreiana  it  is  easily  distinguished  by  the  peculiar  sculpture  of 
the  lonnla  and  tbe  aaeatBheon,  aa  well  aa  by  the  men  pmdnoed  poateilor  portioa 
of  the  valvea  by  vbkh  the  umbo  ia  not  teminal  as  in  that  apaoin  hnt  more 

central. 

Among  the  Uving  apeolea  JVMwIa  emmmingUy  Beere,  from  the  Indian  Ocean 
appears  to  be  the  nearest  relative,  inasmuch  as  the  posterior  nde  of  thia  apecies  is 
similarly  accuminated  as  in  Nucula  alcocH  and  the  caoDtebeon  waa  BipfWUMj  ia  a 
tinulAr  maaner  marked  as  in  that  species. 
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Noovu  PUTB3SUVA,  spee.  nov.,  Fl.  Till,  tgk  6,  u-e,  f ,  <hd. 

lOO  mm.  8'6  mm.    S-7  mm.   1-16  M  mm.    f    SB.      f  140 

»  i  „  8-3  »  r  1-09 
ft  .        „     »  in 

The  shell  is  oWiquely  trigonal,  very  incquilatprnl,  a  litt!o  longer  than  hi^h 
and  very  flnt ;  the  small  index  L/H  indicates  the  small  diflorence  between  length 
and  height  sufficiently.  Ihe  small  pointed  umbo  b  dapremed  hat  strongly 
OpiatllOgyilo^  and  situated  nearly  terminal,  over  the  posterior  part  of  the  cardinal 
marg^T.  The  ppdnl  region  is  elooi;ate,  slightly  accuminate,  the  siphonal  rei,non  cx- 
trnmaly  abort  and  truncated.  Anterior,  ventral  and  posterior  margin  form  a  broad 
eum»  wUdi  gndnally  passea  into  Uia  stralgbt^  posterior  portlaci  of  tba  cardinal 
margin,  irhile  it  forms  a  pointed  an^'Io  the  corner  of  which  ia  roonded  off,  with  its 
anterior  portion.  The  cardinal  margin  is  angularly  broken,  both  parts  forming 
nearly  aa  angle  of  90° ;  the  anterior  portion  is  slightly  ourred  and  nearly  double 

the  lengtb  of  tbe  atnugbt  posterior  one. 

The  surface  is  smooth,  a  fow  conoentric  strife  of  srowtli  hnconae  conspioooDS 

towards  the  ventral  margin,  the  radiating  structure  of  the  middle  layer  is  well  aeeo 

inapedmena  vhidb  arari%htly  weathered,  fhA  atrimaiCbboweifartmaGih  note  eloaelj 

aet  than  in  J/iMNfa  aftfOtfii. 

The  lunula  is  long,  narrow,  but  ill-definod  by  a  shallow  furrow  on  both  Talfaa^ 

the  escatcheon  is  broad,  concave,  and  well  marked  by  a  rounded  keel. 

On  the  posterior  portion  of  the  oardinal  margin  there  are  only  a  few  teeth, 

which  apparently  increase  in  size  in  nnterior  direction,  on  the  antrrior  port-io* 

there  are  at  least  double  the  number  of  teeth,  which  quickly  deoreaae  in  aba 

tovarda  the  vmbok 

The  ligamentaljjfoove  ma  mfpuHB&j  -wttf  annlL  TIm  auigin  k  raj  tmAj 

ennulated. 

Qeologicat  occurrence.-^ 

Z(me  of  Xfmm  miethtirtew,  8iagn. 
Zone  of  ParalleUpipedum  proloiorttioitutH,  Kama. 
Remark*. — ^Thia  species  is  easily  distinguished  from  Nucula  alcoeti  hy  the 
different  ahape  trf  tbe  abell,  the  valves  having  an  extremely  short  pedal  region  and 
terminal  umbones.  The  different  character  of  lunula  and  aaevtdieon  fonm  abo  n 
good  diistinguisbing  feature,  whilc  it  ia  probable  tbat  it  never  attained  the  die  of 
Nucula  aleocki. 

No  liring  rdatire  of  tbia  apedea  eenld  betmaed  and  ftunqoeetionably  rqireeenta 
a  type  extinct  among  the  fauna  of  the  Indian  Ooean,  bat  owing  to  the  in- 
different  characters  of  the  shell  no  opinion  onn  be  giTCO  wfaatlier  it  baa  any  lelatiTea 
among  the  fauna  of  the  European  Eocene  or  not. 
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%  Genm :  LEBA,  SobnnuMlwr. 

Tb«  g«nv8  Xid*  to  npctMnM  bgr  tlunn  ipaoiei  wbidi  em  to  Mudly  dto* 
iiiignwiiiid  in  tli*  foUowiDg  vajj— 

A.  Shell  Utge,  nir£HS  smoolb. 

1.  JmU  UrmMtet,  tgae,  uut, 

B.  8hdl  indl,  mtCum  eanmloMOf  liUitd. 

«.  Sb«I]  tmn(,'u1ur,rib<ahHp^iMh  doidif  nt  cntlM  vMlnil,  wUily  diilaatomfb* 

nmbonal  region. 

I.  Shdl  ttiang,  aathee  covered  widi  flit  hwi  ribi^  Mpmted  lif  Ham  iatuMm 
laminf  id  Qbliqve  dimitioo. 
Ii  ZidM  mtHuit,  ifn,  mr. 

Nona  of  theie  time  spedM  liai  a  Hvhis  ida^  among  the  fsnM  cf  ito 

Indian  Ooean  and  they  represent  therefore  extinct  typ«a.  One  of  them,  lada 
Virgo,  K.  Martin,  ia  identical  with  the  species  o£  t,he  same  name  from  Java,  but  no 
foMil  or  liring  relatlTM  oonld  to  tauod  of  £id»  aswMk,  vpuo,  Bor. 

Lnu.  maumok,  tg&o.  xm^  Fh  TUX,  fig.  U. 
UwBimnani. 

Lengtb.      Baight  Uti. 
Right  nln   .   34-8  mm.   16-3  mm.  2-10 

Only  a  single  cast  and  the  impression  of  the  surface  have  come  under  examin* 
•tkm>  but  fbcj  are  Miffieieni  to  aOow  for  an  exaot  desoilption. 

Tlie  shell  is  transrersely  triangular  in  shape,  the  length  exceeding  the  lieicfht 
aouiderably ;  the  index  L/H  ia  therefore  af  panntlj  rather  high,  it  is  very  flat  and 
ntliar  inequilateral. 

The  umbo  is  very  low,  depreaaed,  dtoated  rather  bk  boat  of  tto  middle  line. 

The  pedal  region  is  short,  bioad^  KNuded,  tto  iiptoaal  fegbm  -wj  ikqBate 
and  broadly  aoouminated. 

Tto  anterioar  margin  is  rounded  somewhat  oUiqne,  tto  posterior  and  Tentoral 
margin  form  a  broad  curve,  which  is  strongly  tamed  in  dflcml  direction  at  either  end ; 
anteriorly  it  passes  gradually  into  the  anterior  margin,  posteriorly  it  forma  a  sharp, 
acute  angle  with  the  cardinal  margin.  Cardinal  margin  very  long,  almost  straight ; 
tto  anterior  portion  is  rwy  short,  the  posterior  nearly  doable  tto  length  of  the 
fonner,  (^lightly  concave.  As  far  as  can  he  seen  flie  ornamentntion  consisted  only 
ol  0MaB  oonoentrio  stria  of  growth.  Xto  hinge  oonaists  of  numerous  very  small 

Geological  occurrence. — 

Zone  of  Jileiocardia  melavulgarit,  Singo. 
lI«Mar^a.— Notwithstanding  the  rather  ill-pEBsenred  state  of  the  speoimen,  a 
Imt  of  tto  mittato  teeth  eompoeiiif  tte  hinge  eoold  to  mil  mmi  iUi  dMnoter 
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together  wifli  the  geaeral  shape  of  the  shell  sufficed  to  determioe  the  generio 
poaitioii  with  great  MoiifBe7. 

From  the  other  species  here  rlosoribrd  it  is  easily  diatinguiahcd  by  its  large 
size,  which,  together  irith  its  shape,  render  aay  unoertainty  as  to  the  speoiAo  dts> 
tinotioa  alniMt  in^uUe.  No  similtr  t peoimm  bM  batn  deseiribed  from  dtb«r 
Smiuktift  or  Wattam  ladU  j  oflither  obb  I  find  a  living  nkti?e. 

Lbiml  TZBQOk  K.  Ifjtftin,  Fl.  VIII,  ligi.  8^  a-i»  9,  a»d,  10^  lOn. 

U»«L  Xti»MfV«bK.]ItitiK.IK»1Wlilndri*lnMlJM%^llS,|l. 

ICusranmns. 

Length.    Htigbb  14B. 

Comp|t't«  ipMhiMD    .    I.  ^1  mm    44  mm.  I'BS 
.    2.   81    ..     47  „ 

The  small,  flat  shell  is  trigonal  in  shape,  transversely  elongate?,  the  lem^h  nlwavs 
noeeding  the  height  considerably,  having  as  high  an  index  L/H  as  1-86.  The  shell 
{■  iaeqvJIatenlt  fin  psdal  logkm  Msg  imiDded,  ntber  bnmd,  the  ripbonal  ngioa 
strongly  attenuated.  The  umho  is  pointed,  but  very  much  depressed  and  turned 
backwards,  aitoated  nearly  in  the  centre  line.  Anterior,  veatnl  and  posterior 
margin  fann  a  oonfiiiDoul  tnoad  eorro ;  the  oaidinal  margin  i*  angularly  broken, 
ionaang  an  angle  of  about  140° ;  its  posterior  part  which  is  the  longer  one,  joins  the 
posterior  margin  at  a  very  pointed  angle,  while  anteriorly  an  obtuse  angle  is 
formed.  Ihere  is  no  well  defined  lunula,  but  its  place  is  marked  by  about  5 
oancentrio  atrias  whieh  are  nnioh  Btronger  than  those  oanriag  the  wbols  surface. 

The  area  is  long,  narrow,  concave  and  alio  marked  with  a  few  concentric 
ttrise  bordered  by  a  sharp  keel,  runuing  from  the  umbo  towanls  the  junction  of 
posterior  and  cardinal  margin.  The  ornamentation  consists  of  numerous  very  fine 
and  ffegnlar  ooooentrio  riba,  of  nniform  etrengtb,  whieh  ana  laparated  by  intnetieee 
of  the  same  breadth,  both  terminating  abruidly  at  (!u>  posterior  keel.  During  the 
nealogio  stage  the  riba  were  wider  distant  than  later  on,  and  the  contrast  between 
the  more  distant  ilba  oC  the  wnbonal,  and  the  oiloselj  set  riba  of  the  Teatral  por- 
tion of  the  Talvoa  fonna  a  moat  narked  featnrek  which  ia  aqtially  ohaervaUe  in 
both  valves. 

There  are  about  16  angularly  broken  teeth  in  the  anterior  group,  the  interior, 
els.,  tfaa  oldest,  helag  maeh  amaller  than  the  external  one*  s  in  the  poiterbr  group 
there  are  about  20  teeth  of  the  same  shape  and  amngemeot*  bnt  generally  son^ 

what  larger  ttian  the  niiteri  ir  ones. 

Oeologicai  occurrence.-- 

Zone  of  Ansa  tiedbaUit  Rama. 

Bemarkg. — Ts'o  similar  species  lias  hitherto  been  knoirn  from  the  Indian 
Tertiariesi,  but  Martin  has  described  under  the  name  of  Leda  virgo  a  species  from 
Java  which  is  unquestionably  the  same  as  the  species  here  described.  Though 
being  somewhat  tai^gir,  the  inda  X/H  is  appavantlj  mneh  the  same,  and  though 
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Martin  states  that  an  area  is  absent  it  is  well  marked  on  his  figure.  As  the  omi- 
mentatioa  of  both  is  the  same,  the  chief  ditlerence  would  oul^  ba  the  widely  db> 
tant  ribs  in  flia  nmboiMl  rogion  of  tha  Bamia  s|Moiaieii%  a  ftetaie  wbiob  k  not 
inarlced  in  those  from  Java,  but  wiiirh,  i'Vi>n"tliin<;  aho  rifrreoinj,  may  only  be  due 
to  an  oversight.  Unlew  therefore  future  researches  prove  that  there  is  really  suoh  a 
dtffarenee,  the  Banna  and  Java  apaeiaieiu  mart  b«  eoorfilend  idsntlsa].  Liim 
virgo  un^uefttionably  represents  a  type  which  is  extinct  among  the  fauna  of  tlia 
Indian  Ooeaa,  but  no  felatireay  eithm  foMil  or  living,  ooold  ao  far  be  txaoed. 

Luia.  ATAbran^  vf&t.  dot.*  FL  Z,  fig.  11,  m-^ 
MiAaumnotnt. 

Coaviataaptdam  .  man.  .  99mm.  .  m 

Only  a  tfaigle  rigbt  valre  of  thto  apeeimn  has  oome  nndw  euminalioii,  ani 

even  this  is  not  well  preserved,  bcin;;  so  much  worn  that  only  tracmof  the  ornament- 
ation are  visible.  The  small  shell  is  inequilateral,  obloag  in  shape  aiul  cuosiderw 
ably  longer  than  higb,  ratber  flat.  The  nmbo  is  very  low,  depressi  d,  pointed 
badcwarda  and  situated  a  little  in  front  of  the  middle  line.  The  pedal  region  is 
attenuated  and  considerably  sliurter  than  the  rather  long,  expanded  siphonal  region. 
The  anterior  margin  is  short,  and  forms  a  broad  curve  with  the  rentral  maigin, 
whioh  at  ita  poeterior  end  turns  abraptly  in  doml  direotion  and  passaa  into  the 
•lightly  eurved  posterior  marsin.  Cardinal  mar^^in  long,  angularly  broken,  the 
longer  pf)st«rior  portion  is  slightly  ooncave  just  behind  the  umbo,  but  afterwards 
runs  parallel  to  the  Tential  margin  and  forms  a  right  angle,  the  corner  of  which  is 
lOmidBd  oC^  with  the  posterior  margin ;  the  shorter  anterior  portion  is  ventmUy 
inflined  and  passes  gmdually  info  the  anterior  margin.  An  ill-defined  keel  runs 
from  the  umbo  towards  the  posterior  corner,  and  a  similar  one  whioh  ia  hardly  visible 
at  the  janction  poeterior  and  eardinal  maigin.  The  ornamentation  ooiHistB  of 
numerous,  fine  sharply  engraved  lines,  with  broader  flat  ribs  between  them. 
Though  piirallel  among  themselves,  the  lines  run  obliquely  to  the  ventral  margin 
and  suddenly  t4-rminate  in  front  of  the  first  keel ;  the  posterior  portion  is  therefore 
imootli,  except  for  some  indiatinct  strim  of  growth. 

The  hin<;e,  though  not  well  vkiblei  oonnata  of  numflRNis  small  teeih. 

Ceolojfical  oeourrence. — 

Zone  of  ParatMipipedim  proMorhumm,  Kama. 

Bemarks. — The  oblong  sbape^  the  broad  posterior  region  together  with  the 
ohliqup  lines  readily  diRtin^uish  this  species  from  Lnla  virgo.  The  broad  posterior 
portion  renders  it  perhaps  doubtful,  whether  this  species  belongs  to  the  genus  Ledo 
or  not ;  at  least  amoag^tha  liring  spedea  I  find  no  dmilar  ona,  athibftfng  aniib  a  broad 
posterior  side,  thuuLth  there  are  scvoEal  vMah  ahoir  ilia  obBqoe  ooMamtrie  liaaa  on 
the  anterior  portion  of  the  sbelL 

Fxof easor  Martin  dasaribea  under  the  imaM  of  Leia  anAfaadlraAi  a  apeoiea 
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M'liicli  as  regards  the  outliue  has  a  greut  similarity  to  Leda  avaimitj  the  ornament- 
ation  of  thia  speoiea  is,  however*  disUnotly  different  aa  it  coorista  of  eoneentiie  lines 

pnrallt"!  to  the  ventral  mar^'in  wliile  tlu-y  are  oblique  to  it  iu  Le<in  aeahtnig. 

'ibis  species  has  uo  relau\e  auioug  the  fauna  of  tlie  ludian  Ocean,  and 
zepnsenK  tbereftiie^  au  edctiuct  pu. 


Funilj:  JSTdSBIDJg,  Graj, 

Genus:  CARDITA,  Brugiire. 

Tbe  genna  CardUa  it  repteaeoted  by  six  apedci  vlikdi  oan  be  eaailj  distin« 
goidied  as  fUkma  :— 

A«  Sliell  tt*Mver««1]r  cIoDg«tc,  index  IiTg«k 
(«)  Shell  more  or  left  rectangular. 

(m)  li\'hole  lurfam  ooverad  nilli  nwlialiag  sca^  riH  ft*  pMtoiior  thiw  ef  which 
■n  tiie  ■tfongeat. 

1.  Catdit*  (Mflilttariut)  leahrvia,  ipec.  but, 
(^)  (Mj  port  i'(  iurl'ace  coverrd  with  null  iliiij  rlliS^tn  arm  lOllBiimlj  itoilitult 
of  rib(  on  tbe  {xiateriur  |>ortiou  of  tb«  tbdl. 

B,  Ctnlila  (SfftiiiegriSa)  pratotwie/tia,  epec.  hot. 

(i)  Shell  o\ti\. 

(a«)  Whoht  Mirface  covered  with  radiating  probably  «C»ly  rib«,  ooe  of  which  raL* 
niag  f iMk  ambe  to  fhe  peetarioi  osnw  is  the  ttnagMk 

3.  C^mli.'a  (  Vy^i7jMf)lM)I^UamHwiM»X.  Martin. 
B.  Shell  triaojjular,  index  (mall. 

(a)  M  MMiilcd,  broad  rib*  with  gnraulatad  ridga  oa  their  top. 

4.  Cariiita  {FenenearJia)  rt jtrreiiW^  d^Aldbiat  aad  l&imk 
(h)  20  ao^ular,  broad  flat  aad  «mootb  ribe. 

5.  Cardita  (TinimeafiiM)  jfia/dmhi^,  wfta.  bat. 
(()  16  rocC-bke^i  abarp  rite, 

A,  Catiil^  (FHMfMtnKa),  cC.  mtitMtU,  itkiAim  and  Btkii. 

One  oat  of  these  afz  apeeks  only,  Cerd^e  fnil99aHeg«U»t  has  a  diicot  deaeend- 

ant  in  Cardita  variegata  liring  in  the  Indian  Ocran  ;  tlie  othi  r  five  species  represent 
extinct  trpcs,  two  of  vrbioli,  CardUa  acabrota  and  Cardita  tjidam«reii$i4,  bare 
very  near  lelntiTe  in  Oar^tk  erattieottt,  Lnsk^  and  Cordifa  pkm  of  the 
fauna  of  the  Philippine  Islands.  living  relatives  eould  be  discovered  of  tho 
riMiiainiTi!r  three  eptcics  which  probnhlv  have  their  nearest  relatives  in  the 
J^ene,  though  it  will  be  dilBoult  to  mention  any  names  owing  to  tbe  rather 
iaiBiateikt  featnies  of  this  xadiany  ribbed  Cafditaa. 

Casdita  aoAVKOaa*  apeo.  nor..  PL  Tin,  figa.  IS,  18a. 


iMglk    • .     .     .  4M 

Height,  anUttat  periiea  SS-S 

„       ft»\trim     „  181  n 

ThiekaM    .      .      .  U-0  « 
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A  nearly  complete  right  ralve  aad  a  fragmentary  posterior  portion  of  the  left 
valre  hsn  oome  under  examination. 

The  olon£,'att'(l  shell  is  pquivalve,  l>ut  very  im<'i]uilat  _Tal,  the  umbo  obtuse 
and  depressed,  being  nearly  tiTtnitial.  Tlie  pL-dal  retfion  is  therefore  contracted  and 
short,  the  sipbonal  one,  broadly  expanded.  The  anterior  margin  is  short  and 
ronnded ;  the  ventfal  margin  long  and  neariyatn^lit,  bdngclfghtfy  notebed  in  the 
central  pnrt.  The  dorsal  margin  is  loni^,  app.irimtly  slightly  curvod,  the  posterior 
margin  is  broadly  rounded,  passing  gradually  into  the  dorsal  and  ventral  mar* 
gin. 

Both  valves  are  strongly  gibbous  in  the  anterior  ngion,  slnping  o^radually  in 
posterior  nrnl  strongly  in  ventral  direction.  Tlio  ornamontatiou  consists  of  at  least 
12  (the  exact  number  canuot  quite  be  ascertaineii)  radiating  rounded  ribs  of  a 
ywj  peeaHar  appeanneei.  Seren  ol  theie  rilM  are  eitnrded  on  ihe  pedal  region  of 
the  valve^  thafc  ia  to  say,  they  occupy  ttae  oomplete  space  in  front  of  the  voatral 
UQU8.  These  riba  are,  therefore,  very  olosely  set  and  thin,  the  anterior  ones 
are  strongly  corred  baokwarda,  vlille  the  posterior  ones  an  very  slightly 
curved. 

The  ronaainin;,'  five  ribs  spread  over  the  rest  of  the  surface,  extending  from  the 
nmbo  right  to  the  margin.  These  ribs  are  very  thick  and  nearly  straight,  the  tirst 
two  behktd  the  rinnsare  not  very  pnnninent,  bnt  then  follow  two^  exhibiting  the 
greatest  length  and  thickness,  separated  by  a  broad  and  flat  iutorstice,  the  last  one 
running  close  to  the  dorsal  margin  being  a  little  thinner.  Theseribs  are  crossed  by 
numerous  coarse  stris  of  growth  produoing  a  scaly  appearanoe.  Some  of  the  scales 
become  very  large,  erect,  resembling  thorns,  and  bond  over  each  other  in  posterior 
direction  ;  although  this  feature  ia  not  well-markeil  in  the  complete  valve,  all  the 
scales  being  broken  oil,  the  fragmentary  specimen,  however,  still  retains  some  of 
tbem.  I^is  bagment  allows  also  tliiit  the  three  main  riba  aie  nearly  of  tho  taine 
strength. 

Qeologieal  eoewrrcMW.'— 

SSone  of  Jbieeonifa  metavulgarig,  Singu. 

.BtftuMfi*.— Means.  d'Arohiao  and  Uaime  have  deeoribed  under  the  name  of 
Carditn  hviierlinQl  a  species  which  at  the  first  moment  appears  to  bo  identical 
with  Cardita  Kabrota,  but  on  closer  examination  it  will  be  seen  that  the  species  frum 
Western  India  is  mneb  smaller  and  less  inflated  and  that  the  ribe  wet«  apparently 
much  more  dolicnte.  I  cannot,  however,  refrain  from  drawing  attention  to  the 
dose  relationship  of  the  two  species.  During  the  adolescent  stago  Cardita  acabrosa 
must  have  olosdy  resembled  to  Cardita  keyterlingi,  particularly  as  the  ventral 
rinns  vas  not  so  conspicuons  sa  in  the  later  stage.  The  specimens  fignnd  by 
ilessrs.  d'Archiac  and  Ilainio  uro  rather  defective  and  it  may  perhaps  be  questioned 
whether  Hgs.  13  and  IG  actually  represent  one  and  the  same  species.  I  think  it 
better  not  to  go  into  this  qnestlaa  for  the  pfesent,  and  to  postpone  it  until  the 
Tertiary  fossih  of  Western  India  have  boon  re-examined. 

^Messrs,  d'Archiac  and  Uaimo  compare  Cardita  keyterlingi  to  Cardita  cra»$a, 
Lmk.,  probably  led  to  this  assumption  by  a  oortain  similarity  in  the  ornamentation 
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with  the  Bpeoies  described  as  Cardila  crasm,  Lmk.,  by  Desbayea.'  If  we  oomparep 
komrer,  DediayM'  tfpm  and  tbat  given  by  heeve  (Fl.  VII,  fig.  S4)  it  ft  extrrawlj 
tfflkonlt  ta  mdentand  how  two  species  so  widtlj  different  in  shape  and  oma* 
WMBtation  could  have  been  united  under  tbe  fiarae  name.  The  rrfi  rpnec;  of  Cnrdita 
ktgttrl4mgi  to  the  recent  Oardita  erama  is,  tberefore,  quite  au  erroneuus  one, 
altlumghlaidmttiliatttbetoDgatotheaanieftRHipas  Camtite  mwmo,  Dethayei. 

There  li^  bowevor,  a  particular  feature  which  separati's  Cordifo  srahrosa  from 
CardUa  ktgHrUngi;  in  the  former  species  the  ribs  are  so  closely  set,  that  the  iuter- 
aliaea  am  mj  narrow  all  over  the  inriBoe,  whfle  in  the  latter  tiiey  are  large 
and  wide,  at  least  on  the  posterior  part  of  the  shell.  There  is  still  another 
feature  which  in  my  opinion  indicatos  the  line  of  relaiionsliip,  nnd  this  is  the 
promineuoe  of  the  posterior  three  or  four  ribs.  I  canuot  tiud  aay  foeiiiil  species  in 
wfaMi  iUa  fealoM  b  to  well  marked  ai  in  Oardita  htfrnUmgi  end  Oardiia  MaArowr, 

but  there  li  a  living  species  which  cxhiliita  tin's  charncttT  in  a  fine  way,  and  this  is 
CardttoAfaMiillOt^a,  Lmk.,  from  the  Philippines.  The  general  outline  of  both  speoie*, 
the  loMil  aa  well  aa  the  reeenti  fa  mneh  the  Kama,  altboagb  Omrdita  emtkntta  it 
much  broader.  The  orn.imentrilinn  is,  however,  in  great  harmony :  the  recent  speriee 
bears  eleven  ribs,  three  of  whicli  aro  of  larger  difnensions  than  the  remainder.  The 
same  feature  is  exhibited  in  Cardita  teabrota,  the  ribs  showing  exactly  the  same 
poaiUoB  aa  In  the  leoant  apeoiaB,  while  tlie  finer  onee  are  dietinotly  festrtoted  to  tlia 
pedal  region  in  front  of  the  ventm!  simi'!.  The  scaly  appearance  is  of  course  much 
the  same,  ^^le  ohief  difference  seems  to  be  that  the  recent  species  is  broader  and 
bulkier  than  tha  TMiary  one,  bat  the  notion  tbat  llio  former  baa  developed  from 
ibo  latkar  ia  dUBonlt  to  nippteaai 


OaxpiTA  (Kf nuoanmA)  nmarruawjat^  apeo.  nor.,  f  1,  TIII»  flf.  14  *>«;, 
Fl.  IX,  llgs.  1,  le,    2s.  8,  m-e,  4. 

Hiaaoaaifiiras. 

1.  Mk  vilv*      .  W  mm.  .  WO  m.      .  I'SO 

J.  Right  „  .    S-VB  „      ,  22-6    .,         .  1-S5 

8.  Oxmpl.  ipceininn   SM'4  .101    ,.  .  1  i$ 

The  ahell  doee  not  vary  much  in  shape  which  is  generally  rectangular ;  it  is 
varj  ineqviOatesal,  tha  bMurvated  umbo  being  terminal  sod  in  a  Una  with  tka 

anterior  margin  The  pedal  region  is,  thnrr-ffirc,  very  short  nnd  reduced,  the  siphonal 
one  very  long  and  broadiy  expanded.  The  anterior  margin  is  short,  rounded,  form" 
ing  a  right  angle  witb  the  atraigbt  Tentral  margin ;  the  posterior  maigbi  ii  oblique, 
■l^tlj  onrved,  forming  a  pointed  angle  with  the  ventral  margin  and  passing  ai 
an  obtu«©  nnigle  into  tho  long,  curved  cardinal  margin.  In  some  speeiniens  the 
cardinal  margin  is  almost  parallel  to  the  ventral  margin  ;  in  others  which  are 
11lww.4aOa|.taK4MMfSMMd«rkih»T»I.I,Si.lBl  |I.XXZ,l|kl7sBaiS. 
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posteriorly  more  cxpandal,  it  rum  obliquely  to  it,  and  is  slightly  convex.  The 
Talveeara  moderately  intlated,  the  ihickae^is  of  butU  valrea  being  nearly  the  same 
M  die  iMighl  The  line  of  highest  fafletfon  rans  from  the  umbo  towatds  the 
poaterior  corner,  dividing  tlie  surface  in  an  uniformly  inQated  anteri'ir,  and  as 
•lightly  iadined,  aornetitnes  a  little  ooncave  posterior,  region.  The  pedal  region  is 
owrmd  witt  M  ibrong,  rounded  niffiettog  xib%  of  iMA  the  sntnior  ten  oaet, 
•epAiated  by  broad  interstioes  are  covered  with  loir,e(MaM  scales  and  gradually  in- 
enase  in  strength,  while  the  scales  berome  moro  and  more  restricted  t<>  their  ventral 
portion.  Of  tlie  remaining  four,  the  three  ilrst  are  the  strongest,  of  about 
doaUe  the  hieadth  of  the  anterior  4Miea.  apparently  not  pirofided  with  aeales* 
wfaUe  the  last  one  is  again  thinner  than  the  foriuer.  On  (he  siphonal  region  two 
thin,  aomewhat  scaly  riba  ran  dose  to  the  hinge  margin  and  appear  to  be  separated 
byn  Ivoad  apparently  amooth  hand  firom  the  anterior  ribs;  if,  however,  oarefuUy 
examined  it  will  be  seen  that  two  hardly  perceptible  ribs  occupy  this  space.  Hie 
total  number  of  ribs  would  therefore  be  not  less  than  18,  wlueh  aeeoidlng  to 
strength  would  follow  each  other  in  the  following  manner 
10  mlHior,  scaly,  thin  riba. 
8      n       nMWtb,  thick  riba. 

1  „       smooth,  thin  rib- 

2  potterior,  baldly  risible  riba, 
S     „     Mo|yi  thin  rilw. 

The  lunula  iaamall,  hut  deep  md  ipaU  oinmnMoribed  by  n  abaip  liae^ 
Uw  hinge  ii  oooipoBed  m  fdllowi 

(o)  Bight  raleg. 

1.  Anterior  lateral  teeth :  missing. 
9.  Oudlnal  teeth. 

Close  to  the  anterior  margin  there  la  a  long  lamellar  tooth  C3a  which  ii 
almost  parallel  to  the  rentro-dorsal  axis,  perhaps  slightly  prosocline,  having  on  its 
posterior  (rentral)  side  a  long  triangular  socket  running  almost  parallel  to  it.  The 
large  triangolar  prosooline  tooth  OSp  Ikae  a  T«y  broad  besia:  on  its  poalerior 
(dorsal)  side  then;  is  an  elongate,  narrow  socket,  followed  hj  a  long  lamellar  tooth 
Cop  running  nearly  parallel  to  the  poaterior  (dorsal)  side  of  C3a,  and  so  strongly 
prosodine,  that  it  ii  almoit  horiiontal,  le.,  parallel  to  the  antero-postariov  aids. 
The  ligamental  nymphe  is  so  strong  that  it  almost  Naamhtea  another  poateriov 
tooth,  and  it  might  therefore  easily  be  mistaken  for  07pi 

8.  Posterior  lateral  teeth  :  missing. 

(ft)  oofM. 

1.  Anterior  lateral  teeth:  miMing. 

2.  Cardinal  teoth. 

Close  to  the  margin  is  a  narrow  socket,  running  almost  parallel  to  the  ventre* 
dorsal  asia,  htsriag  on  Ua  posterior  (ventral)  ride  an  eleagate  strong  tooth  OSoi 

wliich  is  juat  perceptibly  prosocline  ;  on  (lie  ventral  «de  of  C2a  follows  a  large 
deep  triaogolar  socket,  wbiob  has  on  its  posterior  sida  a  long  thin  lamellar  tooth 
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strongly  prosooUno  and  almost  toaobing  the  apex  of  C2a  ;  this  tooth,  Ctp,  iias  a 
deep»  doagate  and  nunrow  tooWt  on  its  dortal  Me,  fbUowed  hj  die  string  ligamsnta  I 
nyiaphs  irhioh  almost  resembles  another  posterior 
The  binge  formula  is  tiinn/fore  ns  fallows: — 

Right  ralvti  La.  O  i  C.  3a  :  3p  :  5p  I  Lp.  O. 
Left  Tslva  La.  0 1 0:     2a  t  4p  :  |  Lp*  O. 
Anterior  mnsculnr  ^cnr  smnll,  but  strongly  marked ;  pallial  impreirioii  isUier 

distal  t  from  thr  oViscuroly  creaulated  margin. 

Geological  occurrence. — 

Zgaa    Tarall^Upipedtm  proMertuowmt  Kama. 
Zao«  of  C|itt«nM  Prome. 

Hemarka.—lhci  only  fossil  species  to  which  Cardila  protooariegeta  can  be 
eompared  is  Cardila  tjklamarennt ;  the  latter  was,  bowerer,  apparently  more  oval 
and  quadrilateral  in  shapo  than  Cardita  proiovariegata.  The  obief  difference 
eoosisls  bowerer  in  tbo  M-eak,  hardly  pcrceptililo  development  of  the  first  two  of  the 
post i-rinr  rib?  of  the  species  under  drscription,  which  conrey  the  impression  of  a 
smooth  posterior  field.  On  the  other  band  in  Cardila  Ijidomarenv*  the  pbioe  of 
tbe  two  obaolete  riba  !s  oooopleA  by  two  very  strong  libs,  and  in  this  spedes^ 
tberefore,  tho  whole  surface  is  uniformly  covered  with  strong  ribs. 

Among  the  living  species  Cardita  tariegata  ut  once  marks  itself  as  the 
aearesi  relatire.  Oencr&l  shape  and  ornamentation  are  so  mnoh  tbe  same,  tbat  one 
should  fed  inclined  to  consider  tbo  two  speeiea  as  identical;  the  ebief  differenoe 
consists,  liowover,  in  tho  f:ict  tliat  in  Cardita  rariegafn  all  ribs  are  stronirly 
derdoju  d,  while  in  Cardila  protovariegata  two  of  tho  posterior  ribs  are  hardly 
perceptible,  the  leraiingly  different  omiimentation  of  tbe  posterior  field  forms, 
tberefore>  a  good  distinguishing  feature  of  both  species  On  tbe  other  hnnd,  it  is 
quite  certain  that  Corcfi/rtpfo^oror'V^fa/a  is  the  ancestor  of  Cardita  vttriegaftt,  (be 
letter  now  living  in  the  Indian  Ocean  and  the  Chinese  Seas  being  its  direct 
desoendant. 

^txaak  (UTmrflAxna)  mDAVABsmia,  IforUn,  PL  EE,  figs.  6a. 

1879-BO.   Cariita  tjHtamarfMu,  Tv.  Hutia,  Di*  TMt]8n«hi«bl«l  nf  ftM,  p>  111,  |l.  ZTIII,  If.  1. 

The  only  specimen  which  has  come  under  ezsmination  is  a  rather  incomplete 
left  valve;  it  is,  however,  suHiciently  well, preserved  to  allow  for  its  determination. 
Tbe  exact  dimenrions  eamiot  be  given,  bat  tt  neasared  oertatoly  not  leas  tban  82  nun. 

ill  Icnsjtli  nnd  ribout  IS  mm.  in  height.  The  sbfll  is  elongate,  oblong,  very  inequi- 
lateral, the  umbo  being  nearly  terminal ;  anterior  region  short,  posterior  one  elon- 
gate, but  attenoated.  Ventral  margin  apparently  curved  almost  parallel  to  tbe 
stiaigbt  dorsal  margin,  posterior  margin  oblique,  jdiiiiiii,'  (be  dorsal  margin  at  an 
obtuse,  tbe  ventral  margin  at  an  nciito,  but  roundrd  off  angle.  Moderately 
gibbous.  Surface  covci-ed  with  straight  radiating  rounded  ribs  of  w!>ich  nine  are 
■tiU  vifliblei,  but  them  wera  oertainly  not  ksa  tlian  twelve.  One  rib,  wbkb  nu» 
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fMm  the  umbo  to  the  junoUoa  of  the  Toatral  and  posterior  margin,  is  nt  the 
Baine  time  tbe  strongest,  and  diridos  the  surfaoe  of  the  shell  in  two  paru  ex* 
hibitiof  a  diHerent  imdination ;  on  the  posterior  part  there  aw  only  three  tibi, 
quickly  decreasiu^'  in  strength  towards  tho  dori^l  mars'in,  on  the  anterior 
part  &ve  ribs  are  visible,  gradually  decreaaiag  in  length  and  btrougtU  towards 
the  anterior  margin.  Intatstioea  of  aboat  the  lame  strengtli  as  tlie  rJba ;  both 
oroesed  by  numeroos,  rather  ooarM  ■icfae  of  growth  whidi  on  the  ribi  appaEtuUf 
raise  short  nodules. 

Geological  occurrence. — 

Zunc  of  Cardita  lfidamaren»i$,  Singo, 

Zone  of  Xeloeardia  meiavtUfwUf  Singu. 
Mttmmrkt.-'lt  was  only  after  some  hesitation  that  I  identified  the  rather 
fragmentary  specimen  bure  described  with  Martin's  spoiMOS.  'i  ln-  i;'f>ticral  outline  of 
the  sheili  tbo  truusTcriciy  elongated  shape,  the  nearly  teruiiaul  posiiioa  of  the 
umbo,  bat  partionlaxif  the  eharaotera  of  the  omamentatioii  have  decided  in  favour 
of  tbii  view.  There  seems,  liownver,  to  be  some  difference  with  ri's,'ard  to  the 
number  uf  ribs  ;  Martin  states  that  there  are  16  ribs,  nnd  it  appears  from  his  figure 
that  the  ribs  were  apparently  somewhat  closer  set  than  in  the  speoimeu  under 
description.  This  quesUon  must  remain  undecided  for  the  preeent,  nntil  more  and 
better  preserved  specimens  come  to  ImnJ.  In  the  meantime  I  wish  to  make  a 
few  remarks  with  regard  to  the  relatiousliip  of  this  species,  ^'o  species  bearing  any 
rimilaritjr  to  the  aboTO  has  hitherto  been  deei»il)ed  from  the  Indian  Tsrdary 
ftmnation,  nor  seema  there  to  be  any  fossil  relative  in  the  European  Tcrtiariea. 
Among  the  living  species,  Curdtta  pica,  Roevs,  from  the  Philip|iino  Islands  is 
apparently  a  very  close  relative ;  the  general  shape  aud  ornamentation  seem  to 
agree  t«7  well  with  the  foatil  apeeiae;  only  that  0«mUla  pUa  haa  apparently  ft 
larger  number  of  riha. 


Cabdita  (Vlneiiicajidia}  viquesmeli,  d'Arahiac  and  iiaime,  PL  IX.  figs.  6,  a^f,  7. 

^«cpl.zxI.«»■.r.r«. 

yiASUMXBNTS. 

iMilii.       H«%U.        I/B.  BdlflS.  VH. 

1.  m  mo,  .  ]»« HI*.  .  1-S4       1.  Ur  .  114  Bib  .I'M 
e.  U4  H     .  IM         .  l-IO 

Tlie  shell  is  triangularly  oval  in  shape,  the  length  being  soOMwhot  in  ezoees  of 
the  height,  and  tiia  indez  L/H  ia  therefon  amall ;  it  i«  rather  inequilataml  and 

moderately  Oat. 

The  umbo  is  pointed  but  somewhat  depreawd*  prosogyric  and  eiluated  well  in 
front  of  the  nuddlie  Uuk 
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The  pedal  region  is  short,  rounded ;  the  siphosal  one  c(H>aid«rabl7  longer* 
ftttennatod  and  obliqaelj  traneated. 

The  anterior  margin  it  broadly  roanded,  passing  gradually  into  fho  almMt 
straight,  slightly  convex,  rentral  margin,  which  in  its  turn  forms  a  pointed  aoi^le, 
the  corner  of  which  is  slightly  rounded  o£F  with  the  straight  and  oblique  poittertflV 
mnigin.  Th»  eafdioal  margin  b  rather  long,  alightly  moved  and  iaeqiailatefal ;  tba 

shorter  nnti'n'or  portion  pnsscs  gradufilly  into  the  anterior  margin,  while  the  lOBJW 
posterior  portion  forms  a  very  obtuse  angle  nilh  the  posterior  margin. 

The  rarfaee  h  covered  with  8A  radiating  riba  of  nnifonn  atrength,  apfMrevtly 
separated  hj  interstices  of  more  than  double  their  own  brcndth  ;  on  closer  «*xaiBin« 
ation  it  will,  however,  be  sncn  tbat  each  rib  is  rather  broad,  roundod  and  bean  on 
the  top  a  fine  angular  granulated  ridge ;  the  granules  are  generally  better  developed 
OB  (he  anterior  than  on  the  poatetkn*  riba,  where  the  top  lidgealao  heeonoa  moie  or 
laiB  indistinct. 

The  lunula  is  very  small,  but  deeply  sunk  and  sharply  de&ned. 
The  hinge  is  craiposed  ai  foUowa 

(m)  BigUwihe. 

1.  Anterior  lateral  teetb. 

Close  to  the  anterior  margin  there  is  a  small  circular  looketf  having  on  ito 
Tentral  side  a  very  rudimentary  granular  prominenoe,  Lai. 
8.  Cardinal  teeth. 

Almost  (imrilganiated  to  (lie  anterior  margin  is  a  strong,  hut  short  strongly 
opisthocline  tooth  C3a.  On  its  posterior  (ventral)  side  is  a  deep  elongate  socket 
and  hehuid  it  the  ]mgB  triangalar  tooth  OSp,  having  ita  apes  right  mdenieatli 
fbe  umbo ;  its  anterior  side  being  poateriorly,  its  posterior  side  anteriorly  inolined. 

Parallel  to  its  posterior  side  runs  a  narrow  elongate  socket,  having  on  lit 
poaterior  side,  amalgamated  to  the  ligamental  nympLe  an  elongate  tooth  C6pt 

S.  Poifenkr  lateral  teeth :  aniaaing; 

(6)  valve. 

1.  Anterior  lateral  tf  eth. 

Close  to  the  anterior  margin  there  is  a  rudimentary  granular  tooth,  the  axis  ol 
whkib  luna  almoit  pazallel  to  ttie  anteio-poaterior  axb  wpweenting  La  II. 

2.  Cardinal  teeth. 

There  is  a  sliort,  strongly  opisthocline  tooth,  C2b,  liaving  a  deep  socket  on  its 
anterior  dorsal  side,  and  separated  by  a  triangalar  aoehet*  from  an  elongat* 
lamellar,  strongly  prosoolino  tootb  C4p^  which  touches  the  apex  of  CSa ;  on  tbo 
donal  side  of  C4p  is  a  very  elongate  Boeket  nmaing  parallel  to  it|  and  than 
foUows  the  ligamental  nymphe. 

8.  Posterior  lateral  teeth :  miaiing. 

The  hinge  f ermnla  is  therefore 


LsftvalTo  La.  U     I  C.  la 


Right  valve  La.   :  I    I  0.  Sa  : 


3p  :  (6p)  [Lp.  O. 
:  4p    :    I  Lp.  <X 
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MnMrakr  lapwifflnii  xatliar  large  buk  not  woll  marked,  margin  deeply  eremi- 

lAted. 

Oeologieal  oeeurrtnoe.— 

Zone  of  MylUuM  niMiatiomt,  Singa. 
Zoae  of  Mei'jcardia  metavulgarit,  Sin^u. 
Zone  of  Parallelipipeetum  protolortuogum,  Kama. 
Zone  of  Aricia  humerota,  Thajretmyo. 

Bgmarkt^ — lo  general  shape  this  »p«cics  greatlj  resembles  OardUa  pUaii- 
codatot  bat  it  is  eaulj  diatiaguished  from  tiMt  epeoiee  bj  the  diiTerent  ornamenta- 
tion of  the  surface,  which  althoujrli  it  corifwf?  of  radiatirt^  rib'^  in  huth  sppoiM 
differs  materially  as  to  detail;  in  the  species  under  dcscriptiun  the  ribs  are  rounded 
liaTing  a  graonlatBd  ridge  on  the  top,  vhile  they  are  flat  and  angular  in  OmfdUit 
planicostata, 

Tvro  among  the  speoies  from  "Westprn  India,  Cardita  mulnbilig  and  Cardila 
tiquetneli,  have  to  be  considered  when  compared  with  the  speries  uiid<!r  examination. 
Tile  ionneir  exhiUta  the  triaogalar  shape  of  the  epeoimens  from  Barma,  but  to 

judge  from  tlio  ornnmont.ition  both  species  arc  difToront  ;  C<tr<iittt  mniahiUs 
exhibits  a  smaller  number  of  ribs,  vhioh  are  composed  of  granules,  while  on  the 
Banna  specimens  the  e^rannlea  form  aline  on  the  top  of  a  smooth  rounded  rib.  The 
aeoond  si>i>cics,  Cardila  tiquesneli,  appears  to  have  a  perfectly  different  shape,  and  on 
comparison  of  Messrs.  d'Arohiao  and  Ilaiiiie's  (is:ure  with  i\\c.  figure  t^nven  hero  the 
difference  is  at  once  obvious,  iiiafimuuh  as  Curdila  viijueiHeli  as  depicted  by  llessrs. 
d'Arohiao  and  Haime  baa  »  more  eirouiar  ehell,  whole  that  of  tlie  Burma  spedmeiM 
is  distinctly  triangular.  Oa  tho  oMier  band,  the  ornamentation  is  exactly  tbe 
mme:  both  species  lui?e  21  ribs^  and  each  rib  being  rounded  and  iKoring  a 
granulated  keel  on  its  top;  aceording  to  Hg.  7  the  complex  n&tore  of  the  ribs  is  on!/ 
developed  at  tbe  adult  stage,  vbile  during  tbe  nealogio  stage,  tbe  ribs  were  simplob 
The  same  feature  is  well  represented  in  the  Rp<>cimens  from  Burma,  and  I  have, 
therefore,  notwithstanding  the  diSerence  in  tiie  outline  of  the  shell,  identided 
tbe  epeoimena  fiom  Banna  with  Oardiin  et^uMMe/j,  betienug  that  Mesira. 
d'Arohiac  and  Uaime's  figure  does  not  give  the  correot  outline,  a  fiew  whicb  is  tiw 
more  probable,  as  only  a  single  loft  cast  served  for  description. 

Boettger  described  under  the  name  of  Oardita  glo^armh^  a  speoies  from 
Sumatn*  which  aeems  to  have  a  gnat  lilceneie  to  Oardita  viquetneli ;  in  some 
of  my  specimens  the  interstices  are  filled  up  with  matrix,  only  the  granulated 
ridge  being  exposed ;  in  this  case  the  nature  of  the  ribs  is  concealed,  and  one 
might  be  led  to  believe  that  thej  ase  aimply  granulated ;  the  apeeimena  are  then  ao 
my  much  like  those  of  Boettger  that  I  cannot  suppress  some  doubts  as  to  the  actual 
ornamentation  of  Bcett  gen's  specimen  ;  if  my  doubts  wore  founded  Bcettger's  species 
has  to  be  cancelled;  1  am,  however,  uuable  to  say  anything  definite  without  a 
t«f««n«a  lo  BcBitgor^  iype  of  Oerdifo  floai^fwit.  Ho  firing  relati?e  of  tbii 
species  could  be  discovered  and  it  unquestioaaUy  repreaonta  a  tjpe  whioh  ia  axtinot 
among  tbe  fauna  of  tbe  Indian  Ocean. 
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Oabdita  plakicostata,  speo.  nor.,  PI.  X,  figs.  I,  la. 

ITo  exact  mpasurements  could  be  taken  as  none  of  the  spccimpns,  tbough  tbey 
ue  niher  frequeat,  wan  woU  preserved.  It  aeems,  however,  certain  tliat  the  shell 
did  not  attain  a  laq^  die,  and  that  the  length  only  dlgktly  exoeeded  ilie  height; 
the  index  L/II  must,  therefore,  have  been  rather  small. 

Ihe  ebell  is  triangular  in  shape,  rather  flat  and  moderately  inequilateral. 

The  umbo  ia  email,  pointed,  slightlr  proaogjrrio,  and  ntnated  in  front  of  tho 
middle  lime. 

perlal  region  is  ebort,  loaoded,  the  liphonal  region  a  little  longer,  aceiu 
luiuated  and  truncated. 

The  antwlor  margin  ie  teoadly  ronnded,  paming  gndnaHy  into  the  elighlly 
cnnvcx  votitrnl  margin,  which  forms  a  sharp  ani^le  with  the  short  ohlique  jwsterior 
margin;  cardinal  margin  angularly  broken,  both  portione  ttroDgly  inoliued  in 
Tentral  diieetion,  the  posterior  one  being  the  knget. 

An  obtuse  rounded  keel  runs  from  the  umbo  towaidi  the  poiterinc  oomer,  and 
behind  it  the  surface  slopes  steeply. 

The  lunula  ia  small,  deeply  conoave  and  well  circumscribed. 

The  orumontation  oooeiate  of  about  SO  flat  radiating  ribs,  lepmted  by  inter- 
•t'ices  of  about  the  same  breadth;  the  ribs  have  aa  atiguhr  leotian,  their  aidca' 
Iteing  perpendioular,  tho  top  flat,  eren  slightly  excavated. 

Uargioa  deeply  orenulated.  the  ribs  of  one  valve  interlocking  with  the  inters 
aticM  of  the  other. 

Characters  of  the  hinga  and  intenal  eharaoten  not  obaerved. 

Qeological  ooeurrence.— 

Zone  of  ifytiltu  nicoharicut,  Singa. 
Zone  of  PikolM  wfimiittlit,  Thayatmyo. 

Zone  of  Arieia  humeroia,  Thayotmyo. 

Hemarks. — The  only  8|>ecies  to  which  CffdHa  planirottnta  could  be  com- 
pared is  CardUa  ciquettteli,  d'Aich.,  but  both  species  are  easily  distinguished  by  the 
aharaotar  of  the  ornamentation.  In  the  tpedea  nndav  examinatioa  the  ribe  am 
broad,  flat,  angular,  while  those  of  the  other  species  are  fine,  filiform  ribs  on 
the  top  of  a  rounded  base.  No  similar  species  has  been  described  either  from  Java, 
Snmetra  or  Weitem  Infia;  neither  eaa  I  find  any  living  species  to  which  I  could 
compare  Cardita  planieotlata ;  in  fact  it  appears  as  if  this  gronp  of  0«rdUm 
characterized  by  a  triangular  flat  shell,  with  flat,  angtjlnr,  rather  widely  apart, 
radiating  ribs,  seems  to  reprraent  an  antiquarian  element  having  its  nearest  relatives 
in  the  Booeae  fmaatton. 

CasDiTA  09.  avTAKUR,  d^AraUao  and  Hoime,  FL  Z,  fig.  9. 

MNb  OwAtoSMfaMticd'Arabiiaud  BaIbm.  DeMr.  Aet  Inin.  tm.  fa  msfS  wtmn,  4*  riab^ 
I5S,;I.  XXi,  tfk.  a,8fcte,«a,6a,ft. 

There  is  only  a  stn{;la  out  of  a  apeeiei  whioh  aeeng  to  belong  to  the  one  abovo 
icCnrred  to  vhish  liai  eoma  under  examination.  U  is  a  right  velvab  nwataring 
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13*3  mm.  in  length  and  103  mm.  in  height;  the  valre  fa  modflntelf  inflatedt 
inequilateral,  triangular  in  shape  ;  the  umbo  is  obtusp,  tumid,  somewhat  in  front 
of  the  oeatie;  the  pedal  region  ia  short,  aomewhat  contracted^  the  sipbonal  one 
broad.  Anterior  and  veatnU  mtrgln  earred.  potleiior  one  itraight,  joining  the 
Tentral  margin  at  a  rounded  off  angle.  Surface  oovered  with  not  less  than  18 
angular  (?)  radiatiag  rihs,  aepanted  hj  ioteattoea  of  the  tame  bieadth.  Teatial 
nai^jfaiL  denttoulatedr 

Oeotogical  oeeurrenee.^ 

ZoiiP  of  MytiUm  mrobarhuf,  Sincrii. 
Zone  of  Meioourdia  metavulgarit,  8tngu. 
JtoNMrifet.^Tlie.tiHMimplete  itate  of  the  only  spednieii  nndar  *— wi^wn^im 
prerents  any  more  dofinite  dencription,  bat  it  ia  appareot  that  It  bsan  the  eloaeat 
leUtionthip  to  OardUa  mWaiiMa*  d'Aiohiao  and  Haime. 

*  » 

Geant:  ORAfiSATBLLA,  lamarek. 

Two  apeoiea  which  apparently  represent  two  different  sections  of  tliis  genus 
have  bean  deaeribed  here,  ufaioh  bm^  be  aaaily  dbtiagnfabed  fbUowar— 

A.  Shell  elongate,  xtron^ly  ro«tr»t«(I  Bt  tbo  posterior  tml  ;  nmbond  nfiaa«e««Nd with 

fiae  OtOOSBlrio  wxinklM  or  ribs,  other  part  of  aarface  •uooth. 
1.  OnutaitUd  iUmtri,  spec.  nor. 

B.  Skdi  Aoahoidal,  poatsilaily  traasatdl,  anifiMe  (aaadu 

S.  CratMUlla  rottrala,  Lamarck, 
The  last  named  species  is  unquastionably  idintieal  with  Crataatella  ro»irata. 
Lam.,  living  in  the  Indian  Ooean,  while  Ct  as$atella  dieneri,  spec.  noT.,  represents 
an  eitlnet  tf  pa^  whieb  baa,  bonvfer*  ila  neanet  lebtife  in  the  lifing  OnmaieUa 
Juimr,  Reere,  fram  the  PbUIp^ne  lalaada. 

OnAaeaTnu  siaittB^  qieo.  nor.,  PL  fig. 

Maaaramnt. 

I>i«t|i.         Bolcht.  I^B. 

&  iM  •   .  tL-r  •  ,  vm 

Only  right  TalTCa  of  tbb  speeiee  have  ooaae  under  ezaminatioa,  bat  tbej  an 

■o  well  preserved  that  the  apeoific  characters  can  be  fixed  with  accuracy. 

The  shell  is  elongatety  triangular  in  ahapei  much  longer  than  high ;  the  index 
ia  therefore  rather  high  ;  it  is  very  ineqnilateial  and  itrang^  inflated. 

The  umbo  is  moderately  inflated,  but  atmngly  OOTTed  inwaidl|  pfOWgyrioi 
aitoated  digbtly  in  front  of  the  middle  line. 

sS 
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The  pedal  region  !■  tlutrk,  loeamiBatad,  tha  aiplMiiul  region  VMj  elongKliat 

and  prodaced  into  a  long  beak. 

Anterior  and  ventral  nuii^in  form  a  broadly  convex  line^  vhioh  fa  riightly 
dnnated  at  tba  poiterior  end.  Posterior  amifiB  fvrj  ahott,  rounded,  foraiag  an 

obtu^i'  an^lo,  the  cornor  of  which  is  rounded  ofF,  with  the  Ven^rnl  nmr^in  nnrl 
passing  gradually  into  the  cardinal  mar;giD.  Cardinal  margin  rather  long,  angularly 
luoken,  ineqailateral.  The  ehorter  anterior  part  fa  strongly  inelined  in  Tentnal 
direetion  forming  a  rount]>-d  ofT  angle  with  the  anterior  margin;  the  longer 
poeterior  portion  is  slightly  inclined  in  ventral  direction  and  paaaet  gradually  Into 
the  potterior  margin. 

A  tfatong  loonded  keel  ruoR  from  the  umbo  towarda  the  posterior  eomer,  setting 
off  a  narrow  posterior  area  which  dropf<  nearly  perpendicularly  at  its  umbonal,  and 
very  gently  at  its  ventral  part.  Another  »harp  line^  behind  which  the  surface  i« 
■ligbUy  concave,  mna  from  the  mnlw  towards  the  eanfflsal  ntargln. 

Tiiore  fa  a  large  and  very  deep,  Khnrply  cirruroscribed  lunula. 

Baying  tlio  nealogic  stage  the  surface  in  front  of  the  keel  wm  covered  with 
aharp  conoentric  ribs  separated  by  broad  eonoave  interstice* ;  tlie  posterior  field 
ezliibited  only  fine  concentric  striee  of  growth;  after  the  shell  had  exceeded  tho 
height  rif  %  mm,  the  rihn  heeomo  efTaced  and  the  whole  sorfaoe  fa  oolj  covered 
with  numerous  Uue,  but  somewhat  irregular  stritB  of  growth. 

On^  the  hinge  of  the  right  valve  fa  known,  and  even  thfa  only  in  rather  an 
imperfaet  state ;  there  i^  a,  long  and  thin  lamellar  tooth  CI  which  is  slightly 
thiolEer  and  bifid  at  its  ventral  end.  In  front  of  it  is  a  deep  triangular  socket, 
oi»nonaIy  corresponding  to  C2a  and  behind  it  a  broad  and  deep  triangular  soolcet. 
In  front  of  the  anterior  socket  there  is  a  deep,  horizontal  groove,  liordered  on  i|a 
ventral  side  by  a  tliin  i  longated  lamella ;  it  fa  fwy  poasihla  that  ttothcomspoad  to 
Lai  and  Lall  respectively. 

Fftllfal  unpnssiott  strongly  marked,  apparently  not  sinnated. 

Ventral  margin  very  Hiiply  rri^mil.'itL'd. 

A  strong  broad  ridge  which  is  slightly  posteriorly  inclined  runs  on  the  inaida 
from  the  umbo  towards  the  venlial  margin. 

Test  thick,  measuring  mia.  sir  the  umbonal  Mgion,  bat  inersaaing  rapidlj  in 
ventral  direction.  * 

Geological  occurrence. — 

Zone  of  2Iylilua  nieobarieue,  Singn. 
Zone  of  Meioe^rdia  metavulffari*,  Singu. 
Semarke. — The  only  species  to  which  Craimtella  dieneri  could  be  compared  is 
Crauatella  roatrata;  it  is,   however,  distinguished  from  this  species  by  its 
more  elongate  shape,  and  therefore  by  a  b%her  index  L/ET,  by  its  flatter  only 
slightly  curved  ventral  mai^o,  more  inflated  surface  and  stronger  posterior  keel. 

OretuateUa  dieneri  is  a  typical  example  of  a  small  group,  which  is  well 
eharactorised  by  its  rostrated  aiphuual  region.    Among  the  living  spocies  CrattO' 
teUa  Jubtur  ham.  Western  AiAtralia  seema  to  be  the  nearest  relatiTe;  as  I  Bav^ 
#      kowevw,  noBpaeinwnforeoiDpailmlamoBlyabfatojndgefram  Beevai't  figue. 
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CranatfUa  Jubar  tijtTpam  to  have  had  a  lart^er  and  generally  raore  stouter  shell, 
but  if  I  interpret  Beeve's  descriptiou  correctly,  it  czliibited  fiimilar  ooucentric  ribs 
oa  tiw  nsbooal  region  as  0«iMMfo  dittuH. 

CnwMtUt  iwiwli,  BMW,  IfaMgaph  «l  «h»  Omm  CrmtakBa.  tm.  1>  M>. 

MUSCREUINTS. 

i.  27-0  „    .  lS-7  „     .   I  M 

The  shell  it  equiTalve,  transversely  rhomboidal  in  shape,  the  length  being 
tomewhat  fai  exceat  of  Che  height ;  it  ii  moderately  inflated,  not  very  inequilateral. 

The  umbo  ia  low,  and  situated  in  front  of  the  middle  line. 

The  pedal  region  is  short,  apcuniinated,  the  sijihonal  recjion  slightly  longer, 
accumiuated.  The  anterior  and  ventral  margin  iorm  a  broad  strongly  oonrez 
mmre;  it  ndght  be  akuMt aaid  that  the autenHreotial margin  ia  angnlariy  tmllDSB 
is  the  middle;  the  posterior  mar^iii  la  VWjr  abort,  obliquo,  forming  nn  ohtui^e 
angle  with  the  ventral  margin.  The  cardinal  margin  ia  long,  angularly  broken, 
the  poatarior  longer  portion  fonna  a  very  obtnae  angle  «itii  the  poaterior  maigin, 
while  the  ahorter  aateri«r  portion  fofma  a  pointed  an^  with  the  anterior 
margin. 

A  broad  rounded,  rather  Hat  keel  runs  from  the  umbo  towards  the  posterior 
eotner,  npaiating  ft  nanow  aleeply  iadined  poeterior  aieBfiromtbe  anterior  portioii 

of  the  surfnce. 

Lunula  long,  deeply  concave,  but  narrow. 

Aa  far  aa  ean  be  judged,  the  ontamentation  eonaitted  in  the  fon-gtowit 
ahdl  only  of  numewna,  line,  aomewhat  irregular  strin  of  growth,  bnt  during 

the  nenloa;ic  stage,  as  represented  by  the  umlional  region,  the  anterior  part  of 
the  surface  waa  covered  with  angular  concentric  ribs,  separated  by  broad  concave 
intentioee. 

The  upper  (?)  layer  of  the  Rhell  exhibits  a  peoaliav  niliatfld  atrmlniB  wliob 
lesults  in  a  finely  crenulated  antero^ventral  margin. 

Muscular  wars,  particularly  the  anterior  one,  very  deeply  nhk;  pallial  impraa- 
slon  apparently  entire  or  perhape  Tery  sightly  aintiated.  Chagaotew  of  the  hinge 

not  observed. 

lest  thick,  measuring  about  4  mm.  in  thickness  at  the  umbonal  region.  Tlua 
tpedea  baa  a  Terj  thiek  naeiMva  kjtat,  whUe  the  upper,  or,  aa  ia  mneh  mom 
probable,  middle  radiated  li^  waa  iftfhertbin. 

Oeologieal  oeeurrencr. — 

Zonelof  ArUia  himerota,  Tbayetmyo. 

SMMrK^The  lew  elongatad.  rliomboidal  abape  «f  Ow  diell,  wUek 

is  much  less  rost  rated  in  poaterior  diieotian,  readily  diitingniibei  tiiia  apcoiH  fran 
Crauatella  dieneri. 

Tb*  neanat  Hriog  selifife  ii  OfumMa  ftttnUt  tern  Ceylon }  ift  halt  tt« 
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similarity  between  the  two  speciei  » to  luffi  thai  I  have  do  h«ait*tioii  in  tdeatifjiiiff 
boih. 


This  genua  ii  iqmMnted  by  three  species  whiok  imteUy  lepnsnt  so  nmy 

—  of  ■ub'genen,  osn  be  easily  distingniahed  as  folIo«•^— 

A.  Slull  ecwand  with  ndi«tiii«,  wrinkbd  ribSi 
1. 


B.  Sbtll  eoffind  irfth  ( 

These  tbrw  spocics  represent  types  which  are  undoubtedly  extinct  

the  present  fauna  of  the  Indian  Ocean,  but  two  of  them,  Luci»a  neaaquam^ 
•nd  XMiM  fM9«iM«  haw  their  neantt  Uvfaig  nhtlfw  in  Z«0^  e«i«*<o,  Reev^ 
and  Lucioa  philippinarum.  Reeve,  from  the  Fliilippuie  Wands.  At  the  samo 
these  two  species  hare  so  near  leiatiTes  in  Zueina  tquamota,  Lmk„  and  Lucina  fgua. 
rnulo,  Des.,  from  Iho  Boeene  of  Paris  that  the  notion  that  they  represent  their  direct 
descendants  it  difflcnlt  to  suppress.  Ko  fiviag  nlatiTe  oonld  bo  ttaoed.  of  Lmsim 
d'archiaciana,  spec,  nov.,  though  it  is  Toy  probable  tbftt  the  noaml  idstiTe  of  this 
species  lived  in  the  Eocene  of  Paris. 


LvoiiTA  wiAMiaAiioaa.  qwo.  wn^  FL  Z,  flg.  6^  o-d. 

HassoBiMUKTs. 
(a)  Kite  nlvt.  (i)  Mt  ralm. 

I««a.      WsU.     TlMiM.  VE.     ,     iMgib.      B«^t  L/H. 
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ThO  AaIIIbqI  saiall  siae  odIj.  almost  orUeoIar  in  obape,  length  and  height 
being  nrarly  the  same,  8ub-equilateral.  As  only  thi«e  specimens  have  come  under 
examination,  nothinu;  can  be  said  about  the  variation  of  the  index  L/H.  The 
umbo  is  pointed,  small,  prosogyric,  situated  nearly  medially.  Xhe  pedal  region  is 
broad,  round,  the  siphonal  region  braadt  traneated  and  eHgbtly  etovated  hf  a 
shallow  depression,  which  runs  from  the  umbo  towards  the  poftorior  margin. 
Anterior,  ventral  and  posterior  margin  form  nearly  a  complete  oirole,  which  joina 
the  neariy  straight  cardinal  margin  at  an  obtue  angle  at  either  aide. 

The  shell  is  only  slightly  inflated,  aSUilo  oooeave  on  the  siphonal  region. 

The  lunula  is  comparatively  Inrge,  cOBoaTe,  but  not  aharplj  droamsnibed, 
exhibiting  a  few  obscure  radiating  ribs.  ' 
.   Iho  omaaientatini  eombtib  fonoiaOr  ipealdng^  of  nnmegmu  lino  radiating 
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ribs  crossed  by  strong  ooncentric  lines;  the  radiatinf  rib?,  cortainly  not  less  than 
60  in  numb<^r,  are  rounded,  very  clusely  set  and  separated  by  on^aved  linear 
Intenlieei.  Tb»  annigement  <»t  th«  riba  i>  m  foUom :  tlisra  am  dx  mttmn  •nterior 
ribs  which  are  of  abmit  double  tbe  tliiokness  as  the  others,  decreasing,  however, 
in  poaterior  direotioa ;  immediately  behind  these  follow  about  40  fine  flliform  ribs, 
gradually  inerwiring  In  itroDgCh  in  po«t9ri«»r  dfawttoo,  witlibnt  ovw  reaching  the 
thiekness  of  the  anterior  ribs.  Then  follows  a  smooth  space  and  near  the  cardinal 
margin  again  three  indistinct  ribs.  Besides,  sometimes  strong  striae  of  growtli,  the 
ribs  are  crossed  by  numerous  very  closely  set,  strong  oonceatric  lines  which  passing 
nnifafmlf  Mroaa  libs  and  inteiatioai,  pcodoM  »  anrt  of  loaly  niididaUiig  viioltlea. 

In  the  right  ralvo  there  are  two  minute  teeth  below  the  nmhOf  tbe  Ventral 
one  of  ^  hich  is  tbe  larger  ;  they  are  separated  by  a  small  triangular  iook»t»  while 
there  is  another  in  dorsal  direction  of  the  larger  tooth :  if  theee  teeth  are  oonsidecied 
aa  C8a  and  CSp,  tinte  in  th»  left  valve  must  repreeent  02a  and  C2p.  A  amalt 

Mldiinentarv  anterior  lateral,  representing  LaT  and  IT  is  seen  in  either  valve,  while  it  is 
almost  certain  that  in  neither  valve  there  are  posterior  lateraU,  or  if  present  they 
tun  ao  rodimentafj  aa  to  be  haidly  viiiblb  bingo  foinraU  woidd  ttnereforo 
be^ 


BjgbtTalTeLa.:  1. 1  0.8a  t  8p  i 
Left  valTeLa.:  II      C. :  2a  :  4p 


Lp.0. 

Lp.  O. 


The  anterior  muscular  scar  is  riblwn-like,  large,  obscurely  dofi nod,  the  pos- 
terior one  large,  rounded ;  pallial  impre&sion  entire,  well  marked.  Margin  finely 
omnnlated. 

ihotogieal  oeeurrence. — 

Zone  of  Parallelipi pedum  prototorlmsum,  Kama. 

liemarks.—Th.is  species  haa  an  exceedingly  Oar(<»Mffiflike  appearance  whioh  is 
increased  by  its  rudimentary  hinge,  and  if  tbe  imprea^n  of  the  anterior  mnsoular 
eoax  were  not  known,  it  might  be  easily  mistaken  for  a  species  of  this  genus.  A  a  it 
Is  its  generic  position  is  unquestionable,  and  it  is  easily  distinguished  from  the 
other  species  by  its  radiate,  wrinkled  ribs  of  which  the  anterior  ones  are  much 
stronger  than  .the  remainder. 

No  similar  species  has  been  desirihed  either  from  Western  Tr.dia  nr  Java  and 
Sumatra,  but  there  is  a  living  species,  Lucina  venuitot  Reeve,  from  the  Philippine 
Islands  which  apparently  hearse  close  relationship  to  this  species;  unfortunatelj 
I  hate  no  malertal  of  this  apeetoa  for  eoaparison  and  I  am  therefore  obliged 

to  draw  my  concltisinns  from  lieeve's  fi^nre,  which  leaves  much  to  be  desired. 
Xhe  general  ornamentation  of  both  8pecies  is  muoh  tbe  same  though  X«0iiie 
vemutta  seems  to  hafe  aoqniied  a  larger  ehw ;  there  we  even  tbe  thiefcer,  anterior 
ritaadiaUnctly  noticeable  in  Reeve's  figure,  though  Hmf  aeem  to  be  less  numerous 
and  restricted  to  the  lunula  only,  while  in  LueUa  iwefgiwmese  tbiy  oeeur  behind 
the  lunula. 

Ikiking  everything  into  conaideration,  I  beHere  that  XMsaa  mnuta  ia  a 
^Mcendanft  of  Xnofne  Mmquomw,  but  that  tUa  tjpe  hae  dkd  out  anflng  tlie  lianna 
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of  the  Indian  Ocean.  On  thfe  other  hnnd,  Zueina  uea$quamoia  app«arR  to  be  M 
■imilar  to  Zneiuo'  iquamota,  Lmk  ,  from  tbo  Paris  Eocene  that  it  appean  almoit 
dUBoiilt  to  find  any  diffefenee ;  it  la.  tberafan»  ilnuMt  ewUIn  tluA  Lmaimm  mpt^w 

moM  ia  the  dtwendant  of  the  Eocene  L"cirra  Kqumnona.  while  the  descendant  of 
Lttcina  wMigaMMMa  exist*  At  present  in  the  shape  of  Lucina  eenutlo  in  the  Eastern 
Seas. 

LVOIKA  Wgeo.  SOT.,  fL  X,  figi.  7.        i»  tri, 

IMl  Tmm  *f»  tttlarU,  Noetliogii  Murine  Fcm.  fnin  Uioora*  Offir  AwH^  M«ik  OMllg.fcnirSt 

Inato,  Y<d.  xxviK  p  1-2.  pi. Ill,  if. «. 

MrsSlKKMENTi. 

l«DKth        Htigbt.     TliiekiiMt.  VII. 
Ufktnlrt  •   »'4mm.  .   94  mm.  .   S-a  mm.  .  lOS 
L»ft    »     .  122   „    .  1*1    „     .   3  8  ..     .  100 

The  small  shell  is  sub-trigonal  in  shape,  length  and  hiight  being  nearljr  the 
nawi  the  iades  b,  therefore,  rwj  sauill ;  the  TalTea  are  very  flat  and  enb- 
eqnilatBiBL  The  umbo  ia  small,  pointed  and  strongly  projio^yric  fituated  in 
the  anterior  third  of  the  length.  Pedal  region  short,  attenuated,  siphon&l  region 
brc«d,  obliquely  truncated.  Anterior  and  ventral  margin  form  a  broad  circle,  the 
former  meeting  the  cardinal  margin  at  an  ohtuae  angle;  posterior  margin  short, 
oblique  and  strongly  ainnat^d,  forming  a  sharp  angle  with  vontral  and  cardinal 
margin.  Cardinal  margin  long,  strongly  curved.  A  broad  and  deep  dopression 
whidi  rana  btm  the  nnho  to  the  poeterlor  margin  biosdlj  ainnatee  the  latta 
•ad  ia  berimed  in  front  by  a  sharp  Iceel. 

The  ornamentation  consists  of  fine,  lamcllous  concentric  ribs,  which  are 
separated  by  broad,  flat  iutflrstices  exhibiting  only  a  few  strisB  of  growth.  Ap- 
parently the  dislaooe  between  the  rila  varies  greatly ;  in  tiro  speeimeDa  thef  are 
very  broad,  and  the  number  of  lihs  is  consequently  small,  in  another  specimen  the 
ribs  are  very  numerous  and  closely  set;  the  interstices  are,  thervfore,  very  nanow. 

lAnnh  fll-deftned,  slightly  ooneaTOb 

In  the  right  Talve  there  are  two  pretty  strong  anterior  laterals,  separated  by 
a  deep  socket,  and  one  posterior  lateral  accompanied  on  eitli<-r  siilc  hy  a  socket;  the 
ventral  souket  is  short,  the  dorsal  oae  narrow ;  these  teeth  repres^ent  therefore  Lai 
and  in  and  LpIII  respeetively*  while  the  aodkefa  oomapond  to  lall  and  InpII 
and  lY  in  the  left  valvo ;  there  ia  a  Toy  abort  anterior  and  an  elongated  posterior 
cardinal  tooth  separated  by  a  short  aooket;  these  teeth  represent  C8a  and  C8p, 
reapeotively,  while  the  aoeket  ia  front  of  08p  as  well  as  that  behind  it  eon** 
apond  to  C2n  and  C*p.  The  hinge  fonnaln  of  Lueha  ptgtma  readi  therefore 
aa  iollowa  :— 

Bight  valve  La.  I  :  III  |    C.  3a  :  Sp    :      I    Lp.  :  III  : 
Left  falve  La.  II       |  C.  :  ia  :   4p    1   Lp.  II  :  IV. 

lUa  ftmnnla  dilfen  from  the  general  framola  for  the  genus  hy  having  en 
Ipin  in  the  light  valve  initeMl  of  Lp  I  aad  III.  while  iatho  left  valve  then 
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are  LpII  and  IV  ioatead  of  only  LpII.  As,  however,  the  hinge  of  Iiuoina  is  very 
variable  too  much  importance  should  not  bo  attached  to  this  featare< 

Tlio  avitorior  muscular  scar  riijht.  underueaHi  Lai  is  deeply  sunk  and  rather 
long;  posterior  one  small;  pallial  impression  entire,  strongly  marked,  rather  distant 
ffom  the  abarp  lieTdM  nuurgin. 

Oeriogieal  oceurrevee, — 

Zone  of  Paraoyath»$  eaeruleut,  Yenangyat. 
Zone  of  JParaiMipipedtm  prototortuotum,  Kama. 

JtffRorte— No  dmihr  apeoiM  Im  hitihiBirto  lieeii  deMfibed  ham.  Ifldb  ot  Jsn 
or  Sumatra.  K.  Martia  mentions  quite  ft  numuer  of  species  from  Java,  but  the 
Bunna  species  differs  by  its  shape,  ornamentatioa  aad  particularly  by  the  posterior 
depKBfion  from  all  of  tfaem. 

Among  the  living  species  Lucina  philippinarum,  Beeve,  imma  to  be  tha 
aeaRst  relative,  although  this  species  is  edentulous  and  of  much  larger  nize.  It  is, 
bowerer,  tvell  known  that  Lucines  when  rcachiag  the  ephebolic  or  geratologio 
stafe  become  edentaloiu^  ao  tbat  too  great  importanea  shoold  not  be  attaolied 

to  this  fact. 

With  regard  to  the  larger  size  of  Lueina  philippinarum  its  ncalogio  stage  should 
be  oonsidered  when  compared  with  Zueitia  pagana ;  a  young  spedmen  of  the 

former  must  hare  exactly  resembled  the  latter ;  in  faot,  the  radiating  raised 

striao  which  form  such  a  conspicuous  feature  of  the  adult  Lucina  philippinarum 
were  not  developed  in  the  nealogio  stage  and  hare  only  been  aoquired  during  a 
later  period. 

It  is  therefore  qiute  possible  that  Lueina  pagana  is  the  ancestor,  from  which 
LuekiA  philippiHttrimf  which  at  present  oocurs  from  Singapore  to  the  Philippine 
Islands^  baa  deaoonded,  but  appears  to  bare  died  out  among  the  fauna  of  the  Indian 
Ocean.  It  ia  ywj  probable  tbat  tba  anoeitoff  of  Zwlmapagamm  oeenrsin  tbe 
EooenoofPan^  beoBnaBXiieiM«piaM«tfl^I>eab,,«eem»aTei7cloaaiBlAtirak 

lamak  s'asobucsava,  qpeo.  nor.,  PI.  "X,  flg.  9, 

MtASURIMETn. 

Lngtb.  Hnghk  l/SL 
tart  mm.  .  174  am.  .Ml 

The  shell  is  rather  small,  nearly  orbicular  in  shape,  the  length  only  slightly 
exceeding  the  height;  the  indos  I^Q,  ia  therafoie  rather  naall;  it  tsationgl/ 
inflated  and  rather  inequilateraL 

The  umbo  la  inilatedi  ttrongly  ptoaogyiie  and  sitaated  In  front  of  middle 

line. 

The  pedal  region  is  short,  a  little  acoamioatej  the  aiphonal  region  ia  slightly 
longer,  broadly  expanded  and  truncated. 

Tbe  anterior  mnrgin  ia  aboK^  Manded  aaii  inma  iriib  tfie  ooimac  Tentral 
maigb  n  bwad  oorrei  tba  poaterior  maq;in  b  aodarataly  lomj,  alnoat  straight 
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or  onlj  slightly  oonvez,  lorming  a  rery  obliqae  Mgle  with  bofh  Tsntral  aDd 

cardinal  margin  ;  the  eaxdilUll  margin  is  rather  long,  angularly  broken ;  tilt 
anterior  part  is  slii^litly  concave  and  Btrongly  inclined  in  ventral  direction,  the 
posterior  part  is  almost  straight  or  at  least  only  slightly  convex,  running  parallel 
to  tlw  antero-poatoilor  kA. 

The  lunula  is  slightly  cnncnvo,  ill-defined. 

An  obtuse  keel  runs  from  the  umbo  towards  the  junction  of  ventral  and 
poiterior  margin ;  bebind  it  tlie  iubiOB  h  steeply  inoBnad  anH  slightly  ooncava. 
Tha  ornamentation  eonsiato  o(  mmiiaroin  aonntiiiMa  atnmg,  aomatiiiMi  flmr 

eoncentric  strifr  of  growth. 

Internal  characters  not  obserrad. 

Zone  of  JHone  dubiota,  Yenangyat, 
ItfmwJtt  Til f  characters  of  the  Iniif^p  ns  well  ns  those  of  the  pallial  imprpfl- 
sion  and  mvieular  scar  being  unknown,  ihe  freneric  position  of  the  species  may 
perhaps  be  flballeDgad,  and  it  was  ofaiailf  the  geaeial  ihape  whkk  baa  gnidad  me 
in  ioduding  it  among  tba  gsniia  Ji«eiM»  s  ifiew  vbieh,  bowerert  nqniiei  fnrtber 
ooofirmation. 

From  the  two  other  species  it  ii  mgOf  dutfagniabiad  by  its  generally  larger 
aiie,  and  the  imoafbiMia  ol  the  malUee,  thete  hdng«  exaept       of  growth,  no 

other  sort  of  oniamentation. 

Mo  living  relative  of  this  species  could  be  found  among  the  fauna  of  tbe  Indian 
Ooean,  and  it  mvat  be  oonsldeeed  aa  (epresenting  an  eitinet  type.  I  lefrain  from 

comparing  it  to  other  species,  because  its  generic  position  is  not  beyond  any 
doubt,  as  long  as  the  characters  of  the  hinge  are  not  known ;  but  there  aro  ft  rtnin 
species  among  the  Eocene  fauna  of  Paris  like  Iiueiaa  concava,  Def.,  which  appear 
to  bo  -nef  almitar  to  XneiM  dPardUaekmm. 

Eandfy:  CdRDllDM  lanuurdc 

Genus :  GAEDIUM,  Linn^. 

Only  two  species  of  the  genua  have  eome  nndcv  examination,  wlueh  ean  be 
eeiily  distinguished  as  follows 

A.  Shed  ovali  Max  iinall,  «nm&  with  Inrtiad  libs. 

B>  Shall  ibomboid,  index  large,  oovei«d  wtib  rouuded  libs. 
tt  OaMam  mhtbumt,  ipse.  aor. 

No  living  lelatiTe  eould  be  traced  of  Cardinm  mMmmm^  apeoi.  nov:,  whieh 
lepwaonto  an  eztinot  fype,  but  Cardium  protosubrugotum,S]p90.  nov.,  is  unquestion- 
aUy  elooelf  idnted  to  the  living  Cardium  »ubrugo»um,  though  it  seems  as  if  this 
which  bad  developed  oertain  featniea  with  legari  to  the  obanotor  of  tbe  hinge 
•peeiee  mm  not  fueeentin  tlmltoerilqiedmeoa. 
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Ca&DIDU  PR0T03US&U60SDM,  spec  DOT.,  PU  X,  figi.  10,  a-e,  II. 

MfciauBiHctrra. 

LcDi^h.         Height.  L/H. 

1.  17  8  mm.    .  23  0  mm.    .  &:« 

2.  17*    „     .  831   „       .  07b 

There  are  oolj  two,  though  wtll  presenred  left  Talves  wfaioh  liare  oome 
trader  examination*  Vat  they  all<nr  a  perfect  deaeriptioii  of  the  tpeofee.  The 

sLel]  is  rather  inequilateral,  oval  and  considerably  higher  than  Iodq;;  the  index 
L/H  is  therefore  smaller  than  1,  though  of  course  notliin!»  can  be  said  as  to  its 
variation.  It  is  strongly  and  uniformly  inflated,  being  anteriorly  steeply 
indlnedi  vhilo  tt  drapa  aodentdy  iBpoatetior  diieotioii*  Tbo  umbo  iabigUy 
tumid,  atwngly  proeo^ric  and  situated  slightly  in  front  of  the  miilJle  line.  The 
pedal  icgioii  is  short,  rounded,  the  sip honal  one  a  little  longer,  and  rounded. 
Antflrior,  Tentnd  and  posterior  margin  foim  an  dllpse^  tlie  long  axis  of  whidi 
ffa'iMM  with  the  Tentro-dorsal  axil.  The  oardimd  maigin  is  ahorlf  eumd  and 
passes  gradually  in  both  posterior  and  anterior  mai^ins. 

The  lunula  is  moderately  large,  slightly  conoare,  and  well  cirouauoribed, 
dntitate  of  any  acnlptuni,  emiifc  ooMonlilotMM  of  gwrtlu 

Tlie  ornamentation  consists  of  32  simple,  radi-Ttins:  ribs,  Reparaffd  by  aiicrular 
interstices  of  the  same  breadth.  The  ribs  have  a  roof -like  section,  and  exhibit 
quite  a  pcouliar  muiieafad  sculpture.  The  Motiaii  of  the  xibl  <Anngee  eonaiderably 
in  antero-posterior  direction ;  the  anterior  ribs  are  llat»  aoailj  circular  in  section, 
but  they  gradually  become  higher  and  their  section  more  angular ;  with  regard 
to  the  ornamentation  three  groups  of  ribs  may  be  distinguished ;  the  anterior  ones 
are  itran^  nnrieated;  on  the  eevtnl  ooee  tfie  flanks  are  set  with  aharp  oblii|iie 
strfas;  when  the  top  of  the  rib?  is  slightly  wom  off  they  present  a  curious  barbed 
appearance ;  in  the  third  group,  the  posterior  six  or  seven  ribs,  the  sculpture  is  again 
modified  in  the  following  way :  on  the  posterior  flank  of  each  rib  a  fine  furrow 
appears  irbioh  divides  a  smooth  anterior  branch  from  a  posterior  oue^  set  with 
distant  short  granules.  Towards  the  margin  the  posterior  braneh  of  eaoh  lib 
joins  the  anterior  one  of  the  succeeding  rib. 

Both  valves  are  stroogly  intedocked,  the  margin  is  tbetefoce  deeply  orennlated, 
particularly  in  posterior  direction. 

In  the  left  valve  there  is  a  strong,  slightly  oblique,  elongated  lateral,  having 
a  deep  groove  on  its  dorsal  side;  this  lateral  is  certainly  Lall,  while  the  socket 
ihoald  eoneapond  to  Lalll  In  the  right  valve.  The  eardinah  bdovr  the  vmbo 
are  small,  thom-like,  tbe  ventral  one  boin^  tbc  bi^ji^er;  tliey  represput  C2a  and 
C2p ;  there  is  a  minute  posterior  lateral  socket  corresponding  to  Lp  in  the  right 
valve*  Hba  hinge  f onnnla  ironld,  therefore,  be  aa  follows : — 

Bight  valve  Le.  Ill  :  I  ?   i  C.  3a  :  1 :      I  Lp.  I. 
1M%  lOn  La.  :  n     |  0.  :  Sa :  Sp.  {  Lp^ : 

t  A,  i 
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With  xegaid  to  the  risrilt  raWo  the  above  formula  la  a  little  oonjeotoral.  I 
do  not  know  for  inatance  whether  there  exists  Lai,  and  of  what  strenc^h  ;  it  i.s 
poasible  that  it  may  not  have  existed  at  nil  or  was  very  rudimentary,  but  it  is 
certain  that  Lalll  was  rather  strong.  With  Mgaid  to  flie  posterior  btentl,  the 

socket  in  the  left  valve  M-ill  most  probably  corrrspnivl  ti^  T.pT,  but  BOtMMOf 
LpII  is  risible,  and  if  present  it  must  have  been  very  rudimentary. 

Zone  of  ParalMipipedum  proloiortuemmt  EtoUk 
Zone  of  Arieia  humeroaa,  Thayetroyo. 

Semarkt, — Tlie  shape,  as  well  as  the  peculiar  ornamuntatiou  readily  distin- 
guish this  speoias  fmm  M  the  othen. 

No  rimilar  specimen  has  been  drscribrd  from  cither  Wcsten  India  «V  feOBi 
Java  or  Sumatra,  but  the  living  Cardium  tubntgotum,  Soirerbj,  which  inlnliiis 
the  bdion  Ocean,  and  nnges  as  tax  East  as  the  Philippine  Iidaiida»  it  certainly 
identical  with  this  speotesb  although  it  is  eentaiA  that  all  the  feetme*  ef  the 
livin^^  Cardium  »ubrugo»um  are  tlovolopcd  in  a  more  coarse,  stronger  WBJ* 

A  right  Talre  of  Cardium  subrugotum^  which  I  have  under  eiamination, 
measiiNB  87'9  mm.  in  Isogth  end  46*8  mm.  in  height;  the  lades  Is  theniofe  0^ 
that  is  to  sriT,  very  nearly  thnt  of  the  fossil  species.  Tlic  peneral  shape  of  the 
living  one  is  exactly  that  of  tlie  fossil  species,  althoogh  it  attains  a  much  larger 
aise ;  the  number  of  radiating  ribs,  81,  is  as  near  as  poedhle  that  of  the  foasQ  apedesi 
hut  what  is  more  important,  tiie  rilM  ezlubit  the  same  ornamentation,  perttoulnlj 
with  ro£rard  to  the  barbed  appoaraneo  of  the  central  ribs  ;  the  three  groups  are 
well  discernible  :  we  have  first  the  flat,  rounded,  muricated  ribe,  then  follow  tlKNB 
of  an  angular  roof^lilte  aeotloii,  thdr  flanha  being  set  with  sharp  sifariiBi,  and  in  order 
that  the  similarity  be  as  near  as  pos^iblp,  th»ir  top  is  s!ii;bt!y  worn,  and  thu' 
barbed  feature  therefore  muob  in  appearance.  The  posterior  group  shows  the  same 
ribe  sat  Kith  distant  thorns,  hot  it  may  he  ramailMd  ^lat  file  thetna  tm  eiesar 
as  well  as  the  anterior  smooth  branch  muob  leas  developed.  This  oonstitates  in 
fact  the  only  dUTprence  with  regard  to  the  ornamentation. 

Strange  to  say,  there  is  a  considerable  diilerenoe  with  regard  to  the  constitu- 
tion of  the  hingei  but  I  am  not  qiUte  sure  whether  this  abooldnoi  beregaided  ae 
an  evolutioDary  feature.  In  the  light  valvo  tluTe  is  a  strong  thorn-like  anterior 
lateral  Lai,  having  on  its  dorsal  side  a  deep  socket  for  LalL  on  the  dorsal  side  of 
whioh  there  is  a  grannie  rq>reeen^g  a  mdimentarj  lallL  The  cardinal  teeth 
are  thorn-like,  CI  being  very  strong,  C3  weak  and  obsolete ;  there  is  a  strong  posterior 
lateral  LpIII,  and  on  its  dorsal  side  ft  deep  grooTO  for  LpIL  Ihe  binge  formola 
would,  therefore,  be  as  follows : — 


Bight  YalvBlo.  (Ill)  :  I 
Left  valve  La.        II  ; 


C.  8a  :  1  :   |Lp.I  : 
C. :  2a  :  2p  [Lp.  II. 
If  we  compare  this  formula  with  that  of  the  fossil  species  we  sec  that  in  tlie 
living  species  Lai  is  very  strong  and  Lalll  rudimentary,  while  it  is  quite  certain 
that  In  the  fociU  tiftcSm  Lalll  waa  vecy  atnmg,  and  noUdng  ia  known  abottt  L«I; 
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•wbicli  may  have  bocn  rudimentary  or  strong,  but  the  difference  vrlth  regard  to 
Lain  ia  uaquestiouablo ;  with  regard  to  tbeoardinala  nothing  can  be  said,  but  with 
ngtxA  to  the  poaterior  laterab  it  h  flartaln  ia  <be  Mt  valve  of  the  liTing  ipeoiee  • 
stronir  LpII  exi8t«*d,  wliili^  if  it  existed  in  the  fossil  species  it  was  exoeediogly 
rudimentary ;  Lpl  existed  in  both  speciea^  but  it  is  veiy  atrong  ia  the  iiTing,  while 
nearly  obsolete  in  the  fossil  specimen. 

The  deriations  concern  therefore  chiefly  tlie  latenls,  tod  I  m  not  iove  whether, 
as  already  KiiJ,  this  Fliould  not  be  considered  ns  an  evolutionary  feature,  the  tendency 
being  chiefly  directed  towards  the  strong  development  of  the  posterior  laterals,  while 
from  the  anterior  hterala  Lai  devdoped  at  the  expense  of  Lallt.  > 

Tho  question  now  arises,  do  such  differences  create  a  specific  diiferenoe  or  not  t 
I  think  that  if  we  remember  tho  tendency  expressed  in  the  evolution  of  the  Miocene 
fossils,  a  tendency  directed  towards  the  creation  of  larger  specimens  and  coarser 
sculptan^  it  will  he  adTiaable  to  dialingaidi  tUs  epeeio*  nndev  a  MfMnite  nama^  hut 
the  living  C<'rdiu>n  anhrugoimm  is  unquestionable  the  direct  descendant  of  tho 
Miocene  Qardium  piroto$ubrugo»um,  baring,  however,  during  the  time  of  evolution 
developed  tome  paitienlar  Heatnna  ia  tha  hinge  vhioh  had  not  heen  indioatod  in 
iti  fonil  anoaatov. 

OABsxmi  lUNBUBMii,  apBO,  nov^  PL  Z,  figs.  12,  a-«^  13, 

MEASrKEVE!fT«. 

Though  not  nnfreqaent*  well  preacwod  aheUo  ai«  mn,  ao  the  meaaareaianta  of 

only  a  vngle  right  valve  ronid  be  taken.  The  shell  is  obliquely  triangular  in  shape, 
higher  than  long,  though  the  differenoe  is  not  a  great  one  as  the  index  L/H  is 
0'94 ;  it  is  rather  inequilateral  and  ttrongly  inflated.  The  nmbo  is  high,  tumid 
but  strongly  prosogyric,  situated  in  the  middle.  The  pedal  region  ia  ahort  hut 
broadly  rounded,  the  siphonal  one  a  little  longer,  but  somewhat  contracted  and  trun- 
cated. The  anterior  margin  is  long,  rounded  and  passes  in  a  broad  sweep  into  the 
straf^hi,  doraally  bent  ventral  margin. 

The  posterior  margin  is  rather  long,  straight  or  slightly  convex,  forming  a 
sharp  obtuse  angle  with  the  ventral  margin.  The  cardinal  margin  is  short,  alightly 
curved  and  forms  an  obtnae  angle  with  the  posterior  and  anterior  maigin. 

Ibe  onuinkuitation  eo^aiete  of  40  to  42  fine  thread-like,  rounded  radiating  sihe, 
separated  by  somewhat  narrower  interstices.  Unfortunat^dy  all  the  specimens  are 
much  worn,  and  the  result  of  this  weathering  is  the  appearance  of  a  aoulpture  on 
the  ahdl  whieh  ia  by  no  nwana  ptintaij,  bnt  only  doa  to  iia  internal  atmetore.  It 
is,  however,  quite  certain  that  the  ribs  were  round  and  sot  with  minute  granules — 
an  ornamentation  which,  as  may  be  well  imagined,  ia  easily  rubbed  off*  and  instead 
of  it  tho  laminous  structure  of  the  shell  is  exposed,  imitating  a  kind  of  acaly  orua* 
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Ike  binge  formula  is  as  follows  : — 


Bight  valve  La.  (Ill)  :  I  |  0.  8a  :  1 
Left  valve  La.       II   { 0.  t  9a  :  2p 


Lp.  I  : 
Lp. :  n. 


Tbeie  are  two  anterior  lateiale  Lai  and  Lalll,  in  tlie  right  valve  of  whioh 
the  forma  is  the  higer  of  the  two^  LeUI  being  rudimentary,  there  is  alio  a  •nry 

strong,  clonjato  posterior  lateral  representing  Lpl,  which  is  much  stronger  than 
Lai ;  the  laterals  are  slightly  oblique,  and  a  good  distance  from  the  cardinal  teetb ; 
on  tiie  dorsal  tide  ofboth  is  a  daep,  long  Meket  for  flw  oomspoadliii^  taeflk  <rf  the 
left  valve.  C3a  is  small,  thorn-like.  CI  strongly  curved  upwards.  Ia  the  left 
valvf!  Lall  and  LpTI  are  very  strongly  developed;  in  fact  they  appear  to  bo 
stronger  than  the  laterals  in  the  right  valve.  C2a  is  strong,  tbom«like,  curved 
inwarde;  CSp  ia  small,  t]ioni-lik& 

Ligamental  E^roove  moderately  Inn?.    'Mn-!onlar  soars  and  pallial  impUHliill^iilll 
observed.   Test  thin,  its  thickness  not  exceeding  0'*J  mm. 
Geological  oceurretme.—' 

Son*  of  MfUtm  mIeehafUm,  Bingv* 

Zone  of  Aricia  hwnerogn,  Thay<Ttmyo. 

Zone  of  Tarallelipipedum  prototorluosum,  Kama. 

Semark*. — Its  posteriorly  aocuminated  shape  and  the  rising  ventral  msrgin 
form  good  dittingoMdag  featnes,  even  if  Vba  omamentatioii  oannok  be  obsecTsd. 
In  well  preserved  specimens  there  can  be  no  donbt.  beoaOM  the  ftoe  filiform  liba  h( 
with  minute  granules  readily  distinguish  this  species. 

No  living  relative  of  this  species  oould  be  found,  and  it  probably  represents  a 
Ijpe  extinofe  aouiBg  tha  fomu  of  tiie  Indian  Oosan. 


XainJly:  CTSSiriD^  H.  and  A. 

Cksras:  OTBENA,  Lamanle. 

Hm  following  three  speciea  beh»9  oefteiiily  to  ttiis  genns  though  Ihey  eddbtt 
a  small  differenoe  with  regard  to  the  hingo,  inasmuch  as  there  is  only  one  lateral, 
Lall  and  LpII  in  the  left  valve,  while  according  to  the  general  hinge  formula 
there  ought  to  be  two  laterals,  vie.,  LII  and  LTV. 

As  the  hinge  of  CfwsM  is  vsmble  I  do  not  Uiink  that  this  fsaiate  is  of 
special  importance.  The  only  question  would  be,  to  which  of  the  sub-sections  into 
which  this  genus  has  been  split  up  the  specimens  here  desoiibed  should  be 
xefened  io.  The  snb-^eniu  OorHoatm  is  of  ooorae  ont  of  question,  though  it  seems 
ptobable  that  at  least  two  of  the  species  had  CorWcu/o-like  ancestors.  Cyrena,  s. 
8tr.,  has  tho  teeth  more  or  less  divided,  a  feature  of  which  no  trace  baa  been  noticed 
in  the  specimens  here  described,  and  from  the  remaining  twoi  Velorita  and  Bati$»at 
Ibefonnef  ii  out  of  qnastion  dtogeUisr,  bnt  tiM  diagnosfa  as  qgiliod  to  ttio  sol^ 
geniis  JeMiM  seena  foaaumr  TM7  well  to  the  speoiM  bin  dtiOEibsd. 
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Tbe  three  tpeoies  may  be  diatinguished  as  follom 

0,  Slii  il  very  large. 

1.  Cfrena  {Batim)  M«ui^enn*,  fpec  nov. 
t.  aiwllaf  modoiteiiiei. 

2.  C>rfna  (5<i<H»«)  «Mi|^fmK,  NMtJillg. 
B.  T«et  thia,  Unge  delioUe. 

8.  Cfwwi  NoriUBf. 

As  alreftdv  mentioned  in  mf  mexkoir  OA  lOooene  SohUb  from  ITppar  Banna, 

the  second  and  third  of  those  species  arc  known  since  1829  whf>n  they  were  first 
menUooed  by  Mr.  Crawfurd,'  who  apparently  collected  at  the  same  locality  where 
I  fonnd  the  ipeoliBeu  here  deioribed.  jit»  BndcUmd,*  who  dfleoribed  ^  foiaO 
bones  oollected  by  Mr.  Cnwfurd,  already  recognized  the  <,'eneric  position  of 
these  species,  alluding  to  it  as  a  CyrettOt  wHihoat,  however,  giving  a  speoifio  name. 
Koarly  thirty  yeanlatefDr.  Oldham*  iUlbbA  Tenangyoiing,  together  with  tilo 
mamberi  of  the  mission  to  Arai  but  he  searched  in  vain  for  ths  looatify*  whioh 
Ire-discovered  G7  yearj  after  it  had  first  been  mentioned. 

It  appears  that  none  of  these  three  species  has  a  direct  descendant  or  relatiTO 
among  the  famta  of  the  Indian  Oeean.  Ofremt  koimtngmuto  waj  perhafM  he  rdated 
to  Cyrcna  in  fat  a  from  the  Nicobar  Islands,  yet  it  is  also  possible  that  Cyrenu 
gigantea  from  the  Philippine  Islands  is  its  nearest  relative ',  on  the  other  hand,  U 
seems  certain  that  Cyrena  oratqfurdi  and  Oyrena  petrolei  repreaent  truly  eztinot 
types*  their  neaMtt  nlatiTB  heiag  OyNM  la—fraift,  Bow.,  bom  Somatn. 

Otbbia  (Ba,TinA)  KODommmn,  qpec  mf^  n.  ZI,  ilg.  1. 

Besidei  the  two  apeeiei  af  torwarda  deaeribed  I  oolleoted  ttagmentB  of  a  laiger 
ihidl,  which  indicates  by  the  character  of  the  hinge  that  it  belongs  to  the  genos 
Cyrew  {Batista).  Owing  to  the  fragmentary  state  of  the  speoimens,  not  mucli  can 
be  said  about  the  shape  of  the  valves ;  they  were,  however,  very  large ;  an  incomplete 
apaeimaii  mearaieB  75  mm.  in  height,  while  ita  length  was  prabahlf  larger  atill. 
TIm  shell  is  very  thiclc,  the  surface  covered  with  coarse  irregular  strias  of  growth, 
bearing  deep  marks  of  oonoaion  everywhere.  The  hinge  is  very  strong  and  in  a 
fmgnent  <rf  the  left  TalTO  there  it  a  low  anterior  lateral  and  three  cardinals ;  the 
ntmot  vm^i^'A  is  short,  thick,  the  central  one  thick,  elongated  and  the  portetior 
one  very  long,  hut  cqunlly  thin,  the  sockets  an  broad  and  doep.  The  abore  hinge 
would  answer  to  the  following  formula : — 

Bight  valve  La.  Ill :  I  I  G.  8a  :  1  :  3p.  I  Lp.  ? 
Leftfalva  La.     II   [  0.  :  8a  rSp  :  4p  1  Lp.  ? 

€Mogical  occurrence. — 

Zone  of  CyretM  {Balitm)  eraiefurdi,  Yenangyoung. 

•  Crtwfnrd,  Jourunl  oi  m  Eralfuay  to  tbr  Conrt  of  Av».  Landoo,  lSI2t',  p»gt  829. 

>  Ihid,  Ajip.nlii  Xlll.  v»^<<  95;  rrpri»Uj  from  the  TniMMi  Otl|«[|i  ageh^ytlUfc 

*  Tskk  Kmuifs  uf  U*  MImSm  to  U*  CiMit  a(  At*,  LoDdgn,  ISM,  ^ 
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Stmarkt.—!  bare  first  been  iucliued  to  consider  this  species  merely  as  a 
gigantlo  Tfttioty  of  Cfteaa  (JVoljifti)  «nMQ^nil,  but  on  doMr  ezftminition  I 
ftlnndoncd  this  opinion.  The  latter  spe<^ies  nov-nr  exhibited  anything  of  a  Bimilu 
Kta,  and  among  the  handrela  of  apeoimons  I  examined,  eren  the  largest  remained 
aomevhai  isolated  with  a  height  of  46mm.,  the  majority  of  specimens  being  belov 
ihb  aiae ;  ai  the  ohataotor  o(  the  soifaoe  aeemt  also  to  differ,  the  apeoiAe  iodepend* 
ence  of  this  species  seoms  sccurwl.  Bri'ttu'tT  '  states  that  hitherto  no  fossil  Cyrena 
of  the  sise  of  Cyrena  {Balitta)  borneensu  described  by  him  bad  been  known.  The 
■pemM  iNire  deaoifljed  fliieeed  eren  tbb  Uuigwt  known  foadl  Ogrena  oooaiderably, 
inumuoh  as  it  measures  though  in  a  fragnMntary  state  7S  mm.  in  beighti  wh3e 
Cgrena  {Balissa)  hornefimis  measures  only  Gl  mm.  in  height. 

Cyrena  {Jialusa)  kodoungentU  repr&^uls  therufore  the  largest  known  fossil 
Cyrnra,  sod  in  logud  to  aiM,  it  cerlaialy  oqnab  giants  like  tho  living  CjrnM* 
{Bati$$a)  giganUa  bam  tlto  Philippine  Istanda  or  Ogrtiu  {SaU$$a)  i^fiata  bom  the 
Niodbais. 

The  speoimou  are,  however,  too  fragmentary  to  allow  of  a  oomparison,  and 
Ihonghit  ta  probable  that  there  are  living  relatives  <4  OjuvM  kodouti^cmittl 
refrain  from  expnssing  a  defloito  opinion  until  better  pmserred  speoimens  iiare 
been  found. 

CxftiWA  (BucnUk)  OBAwrvEBi,  Xfoetling,  PL  XI,  iigt.  8^       4i  a4, 5, 6d^  6^ 

a-b,  7,  8. 

ISWk  CfTnu  iBati4$a)  ertif^rii,  VofUiag,  lluioe  Fow.  tnn  Uioe.  at  Vffm  Burn*.  lf«o.  Oaolog.  SaiTej 

af  bait.  v«L  nvu,  |L  I,  ^  s,  pL  II.  ia»    iL  ui,  Sa»  IfU 
XsuviannRi. 
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The  sholl  is  of  medium  size ;  the  largest  spcoimen  which  has  come  under 
fiTamination  is  unfortunately  damaged  at  the  posterior  side,  it  cannot,  however,  have 
been  smaller  than  50*3  mm.  in  length.  The  shape  of  the  shell  varies  little,  having 
genMiallj  m  nibi^aaibuigalar  form. 

The  index  L/H  does  not  exhihit  a  great  range,  as  it  varies  from  100  to  I'SS* 
the  average  being  I'107 ;  within  the  above  limits  the  chain  is  uninterrupted  between 
riO  Mid  liUt  tbtts  being  only  two  gaps  at  the  beginning  and  tbe  end  as  seen  from 
the  fallowing  table: — 

Iain  .     .     .  I'M    im    lis   l<OB    llM    1<0I    IDS    1-07    VOS   1-W   110    Ml  MS 

Ub    .      ,      .    I'U    11*     115     llt5     117     113     IIO     120     1-21     1-22     ...  ^ 
Nanlw«lo«laMM     SS      »      t      l       l  i..^. 

If  HbB  qfeeimeu  Me  anaaged  into  thxee  groups  aeooriiag  Id  ths  aise  of  ilw 
index  I^fl  m  lae  that  then  we— 

•  ^MfawlMlwia  Micte  »XMKir 

n      n  m  n  tm-VU 

7  ,.  «  Mfl-l-M 

The  majority  possess  therefore  an  index  between  1*08  and  X'Vi,  while  those 
ahowing  a  larger  or  smaller  oM  ue  oonaidemblj  in  the  minority. 
IlMfoffmaln  of  nxlely  abovM  tiMmCbia  b«e«  folkiira  :r- 

\%i 
w.«S  I 

vm 

The  tbiokneee  miea  eornddenUy  aa  tliefe  aia  atnmgly  inflated  Tah«i»  irUla 
othen  are  more  compressed ;  it  seems,  hotverer,  certain  that  tha  thickness  inoroasee 
in  direct  proportion  with  the  eiae;  the  amaUeet  qpeoimana  being  tha  flattest  tha 
largest  the  most  inflated. 

Tha  nmba  wbioh  ia  in  hunt  of  the  aaiddle  line  ia  vbeB  pwaerved  afamngly 
inflated,  oLtnse,  prosozyric;  in  most  specimens,  however,  it  is  deeply  corroded, 
in  some  instances  the  corrosion  is  so  far  advanced  that  tbe  binge  is  laid  bare,  and 
tlian  a  very  curiona  fsalon  ii  obeerrad.  aider  t»  pmCeet  Uw  Unge  tbe  antmal 
secreted  a  secondary  deposit  of  transpaiani  ehalk*  ivUeb  not  only  fills  up  the  top 
of  the  sockets,  but  also  coats  tbe  teeth,  aa  may  he  seen  from  the  figures.  It  is 
remarkable  that  the  plane  of  corrosion  doea  not  run  parallel  with  the  stria 
of  groartb,  bnt  enia  Uia  latter  at  n  pointad  aagla  Sba  marka  of  aonaaioB  aia 
always  concave  with  sharp  laiaed  lioM,  aKhihitiiig  in  a  Una  way  Oa  oonoantrie 
atrocture  of  the  test. 

Tba  pedal  region  la  generally  very  short  and  rounded ;  in  some  varieties  it  may, 
bowever,  not  be  so  strongly  contracted,  the  siphonal  region  ia  almys  expanded  and 
obliquely  truncated.  The  anterior  marjjin  is  rounded  and  passes  gradually  into  the 
•lightly  oorvad  ventral  margin,  which  forms  about  a  right  angle  the  comer  of 


m  VJkUSA  OF  IHB  MIOCENE  BEDS  OF  BUEMA. 

irbich  is  roundod  oif,  witb  the  slightly  eonrex  postflHof  margin.  The  cardinal  margin 
is  Ions,  strongly  curvi'd,  its  y>o8t,erior  part  forms  a  rery  ohtuse  angle  with  the 
posteriur  margin  while  its  auterior  part  passes  gradually  into  the  anterior  margin. 

Tlu  llgMDMt  vM  appumitly  sbong,  lodged  ia  •  loag  tad  deep  gnorck  behind 
the  tiinbn. 

The  ornamentation  Taries  greatiy  daring  the  different  stages  of  growth  ;  during 
file  nealogie  stagSb  wfaioll  owing  to  the  cornNfam  of  the  uidInm,  is,  however,  only 
rarely  obsurredt  end  whiah  included  ■peoimeoaol  7  mm.  in  height  and  under,  the 
\»hfilo  surface  irae  completely  covered  with  very  regular  ooncentrio  ribs,  of  which 
there  may  have  been  at  leaat  25 ;  the  ribt  were  rounded,  equidistant  and  separated 
hy  intentioea  of  about  the  aame  breadth.  lUs  aoolptiiro  temiinatod  vary  eoddenlj 
aod  in  later  stages  the  anterior  region  only  exhibits  some  sort  of  ornamentation;  It 
ooDsists  of  deeply  engraved,  more  or  loss  closely  set  conoentric  furrows,  producing 
coarse,  irregular  wrinklee  between  them;  on  the  larger,  posterior  region  of  the  shell 
these  furrows  beoonoe  efhoed,  and  only  a  few  remain  in  the  shape  of  bImb|^ 
marked  strim  of  i^rowth,  otbervrisc  thn  surface  is  smooth.  There  is  of  course  ample 
space  for  variation  aod  no  two  specimens  are  exactly  alike,  the  wrinkles  on  the 
anterior  region  being  sometimea  more  niime>oa%  or  tiiey  take  tbeabapa  of  hNad« 
Beady  lamellar  concentric  ribs,  but  the  chief  featoraa  Mmlin  alwaija  the  HUMt 

The  hinge  is  Teiy  atrongly  developod  and  eompoaed  foUovss 
(a)  Biykt  vnlee, 

1.  Anterior  Utteial  teeth. 

There  are  frn  u  anterior  laterals,  Lai  and  Lalll,  both  elongate  and  strongly 
opisthocUne;  the  ventral  Lai  is  considerably  stronger  and  thicker  than  the  dorsal 
lalll;  Iwthan  Mpatated  by  an  dongatoaodeot  Trhidi  li broad  and  deep  atito 
potteriot  part,  but  svMmHtf  eooiEaeti  to  a  nanow  furrow ;  the  vental  side  of  tta 
looket  is  covered  with  nUnMHoos,  floe,  tnuttviBtiOi  parallel  pUoatioiia. 

2.  Cardinal  teeth. 

The  aateiiof  ofttdlaal  08a  is  toy  dioit,  knob-Uke,  iMAapa  dighfly  opfatho- 

ftline ;  on  its  posterior  side  is  a  broad  and  deep  socket,  which  is  followed  by  the 
Short,  thick,  slightly  prosocline  CI ;  on  its  posterior  side  is  a  broad  and  de^  socket 
IWowed  by  the  elongate,  hut  rather  thin,  strongly  proioeline  OSp^  whioh  baa  on 
Hs  poeteriot  aido  a  long  tad  deepr  sMltet.  Then  foOom  tba  broad  Hgwiwital 
]iympbe. 

S.  Posterior  lateral  teeth. 

ThmaretftOp0M«riorlatMd«,fh««ttMrtl  taoof  wMbhLpI  It  rather  long, 

thick  and  strongly  prosocline ;  LpTII  is  almost  rudimentary  and  separated  from 
the  former  by  a  very  oloneat<3  socket,  whioh  is  broad  at  its  anterior  end,  but 
narrows  gradually  in  posterior  direction,  the  ventral  side  o(  the  socket  is  covered 
«itb  ntubotoaB,  iba^  tfasgfono  pHoiliani, 

(t)  1^  ralre. 

1.  Anterior  latent  toetb* 
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■Hien  is  one  elongate,  strongly  OfHsthoolute  anterior  lateral  Lall,  which  ia 
rather  thick  at  its  posterior,  but  very  thin  at  ita  anterior  t'stremity  :  its  dorsal  side 
is  oorered  with  fine  transTeise  plications;  there  is  a  shallow  socket  on  either  side. 

9.  Caidinal  taelli. 

The  anterior  cardinal  02a  is  rather  short,  opisthocline,  bavin;?  a  shallow 
socket  on  its  anterior,  and  a  broad  and  deep  socket  at  its  posterior  aide ;  then  follows 
the  strongly  prosocline  stout  C2p.  wbidi  lias  a  broad  and  deep  socket  on  its 
posterior  (doaal)iidB{  ^s  k  folloirad  by  a  thin,  lovt  dimgatek  ati«B^7  protoolins 

C4p  on  thr  pd^'e  of  tlio  ll'jrnmentri  njmpllBi 
8.  Fcsterior  lateral  teeth. 

There  is  one  eloiMcate^  stMWgly  prosocline  postorfor  lateni,  LpII,  wUoh  is  Inroad 
and  thick  at  its  anterior,  tluB  and  hinnUar  at  its  poeteiior  end,  having  its  dorsal  side 
covered  with  fine  transTene  plioatiaps;  tiisiejs^deepMioketoiiitsdonalanda 
shallow  on  its  ventral  side. 

The  binge  fonaola  is,  ttewftiso^-ae  follows  n»- 

Kght  vnlveLa.  Ill  :  1 1  G.  8a  :   1   :  Sp   :     |  Lp^  III  :  I. 
Left  valve  La.       II    |  0.  :  2a  :  2p   :  4p    |  Lp.  IL 

Geological  ooaurreHee,— 

Zone  of  Ojfrma  {BaiU$a)  craw/urdi,  Tenanj^oung. 

Bemark$.~-Cyrena  (Balisia)  eram/imii  is  easily  distinguished  from  the  ftdlow^ 
ing  species  by  its  small-'r  index  L/H,  the  avorar^e  being  1,107  ;  the  shell  of  Ci/rcna 
{Batiua)  oraiqfitrdi  is,  therefore,  much  less  transversely  elongated,  and  looks  miioh 
Uglier.  This  leatiue  ma,  hoivemr,  only  be  well  eeea  wlmi  the  umbo  ia  mot 
ODRodcd,  as  otherwise  it  becomes  rather  indistinct. 

The  umbo  of  Cyrena  (.BatiMa)  craw/urt/i  is  more  anteriorly  situated  than  in  the 
following  species  wliere  it  is  more  central,  a  oharaoterwlueh  oaa^iiowever,  also  only 
be  obserred  In  ipdl  pwwifed  qpeoimena. 

Generally  speaking,  Cyrena  {Batma)  orawfurdi  is  much  mare  inflated  than 
Cyrena  {Baiitaa)  peirolei,  although  this  character  becomes  rather  indistinet  in 
young  spedmens  and  obscare  when,  as-is  frequently  the  ease,  the  speoimens  are 
somewhat  squashed. 

The  best  distinguishing  features  oro  the  great  thickness  of  the  shell  as  vrr]]  as 
the  exceedingly  strong  hinge ;  in  no  instance  docs  Cjfrena  {BaiUta)  petrolei  come 
aavwheie  neer  to  this  speoiee  in  either  ftatuse,  so-tbat  ftagments  wwm  may  be 
determined. 

Among  living  species  Cyrena  (JJo/mm)  tumoAretttUt  Sow.,  exhibits  such  a  ?ro>at 
rfndlaclty  with  regard  to  the  geiieml  Axgn,  that  notwffbsteoding  the  apparent 
differences  as  exhibited  in  the  hinge  as  drawn  in  Beere's  monograph  of  tbe  genas 
Cyrena,  a  relationship  with  either  this  or  the  following  speoies  is  highly  probable. 
Unfortunately  I  have  no  specimens  of  Catena  {Batitta)  aimatrentu  for  oom< 
paiiBon,  in  order  to  daeide  how  Ite  the  featons  by  wUdh  the  hinge  of  theft 
^perfwiieeme  todite  ftanltetof  C|VMa  (Mmo)  mu^fMU  ace  eonstut  or  no*. 
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Otbxra  (Batissa)  feteolei,  NMtliog,  Fl.  XT,  flg%  9^  a-0, ]1> 
bail.  ToL  ZZTU,  Ik  J.  f.  Ill  |i  O,  f|i.Mib  |L  m,  «pb  M. 
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'  The  inequilateral  shell  is  of  medium  size,  probably  in  tbe  average  a  little  smaller 
than  Um  former  speeiei.  being  generally  of  elliptical  ahape.  Unfoftaiuitely  only 
a  small  number  of  Rpocimeos  haVB  MOW  1ttdw«inriUilion.  I  therefore  do  not  know 
bovr  far  tbe  iudicos  abore  giren  represent  the  true  range  of  TUlB^f  lojudgefRMft 
the  above  figures  tbe  formula  of  variety  uugbi  to  be* 

WT 
TCr.i8  I 

1-00 

The  range  of  variety  would,  therefore,  be  slightly  larger  than  that  of  the  fQumer 
tgrniM,  amd  it  is  qaile  evident  that  m  fw  is  may  be  judged  fioni  tbe  lOBeiilwt 
•qanty  nsterial  th^  mom  elongate  vazietiM  ptepondeiiite.  K  we  amnge  In  tte 
■ame  nH*^  aahefiove  ^ere  would  be : 

1  •pMioMi  t»mg  W  Iain  Irom  100  t«  1-07 

•  ffMiMM    »      „  1-oe.Mf 

Var.  1*16— 1*37  are  apparently  in  the  majority,  and  the  tendency  of  variation 
is  rather  in  favour  of  the  prodnotion  of  elongate  speciaiem  thin  otlierwiaei 

The  thickness  varies  not  much ;  the  shell  it  modeieteify  bdhied;  in  Itet  amall 
■bells  might  bo  called  vory  flat  and  laterally  oompresaed. 

The  umbo  wbich  is  slightly  in  front  of  tho  middle^  is  slightly  tumid,  very 
mvob  dopronoed  end  faaidly  pBandiMnik}  in  many  Bpedmens  It  ii  deqily  onrved. 
otbiUting  the  same  features  as  described  in  the  former  spedee.  The  pedal  region 
is  slightly  expanded  and  rounded  off,  the  siphooal  t^gioil  ia  •^pan'fftdj  rounded  oi 
obscurely  truncated. 

Tbe  anterior  maigln  ia  MNtnded  wd  paaiM  ffntatSfy  btb>  Ibe  aUgbUy  enrved 
ventral  margin  which  in  its  turn  passes  again  into  the  slightly  rounded  posterior 
margin ;  cardinal  margin  strongly  curved  passing  gradually  into  the  anterior  and 
postanor  nprgio.  liigament  strong,  situated  in  a  hng  and  nanow  groove  bsUnd 
lb*  umbo  and  supported  by  strong  nympbes. 

fl^a  flynaTqffl*»ti<in  is  thp  anna  ap    the  tormeff  spadei.  Poring  the  peala|p9 
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stage  tLe  shell  wns  covered  with  very  regular  ooncentric  ribs,  which  disappoir  Ifttw 
on  to  be  replaced  by  coane,  ooaoentrio  wrinkles  on  the  antarior  and  coaaa  alite 
of  growth  on  the  pottorior  ifgioii. 

The  binge  is  much  leas  strongly  developed  than  in  the  fonner  spedes;  in  faek 

the  more  delicate  hint^o  is  one  of  the  strongest  distin^niishini;  features  of  fllii 
species,  although  tbo  formula  being  the  same  as  in  the  former  species,  ciz. — 

Bight  valve  La.  Ill :  I  I  C.  Sa  :  1    :  8p  :     I  Lp.  I  :  III. 
UttrAw  lA.     11;  I  0.  :  la         :  4p  |  Lp.  IL 

IhadUfniiiMiiiflieatMBgUKrf  the  latanli  of  Iwlli  valvea  is  a«  wall  marlned 

•s  the  striated  dorsal  face  of  LbT  and  Lpl. 

The  teat  ia,  compared  with  that  of  the  former  species,  very  thin,  its  thickness 
Mag  S  mm.  and  imd«F. 

Anterior  musoular  scars  strongly  marked,  but  small ;  posteriof  one  appareotly 
much  less  marked ;  pallial  lino  pretty  distant  from  the  ahafp  margiOy  strOD^ 
marked  in  its  anterior,  less  so  in  its  posterior  part. 

Zone  of  Cjfrena  (Balissa)  eratrfnrdi,  Tenantry oung. 

Eemarki. — I  have  hesitated  for  a  long  time  in  separating  this  species  from 
Cgrena  {^Satitta)  erav^mrdi  beeraas  Ixith  spedea  aeanwd  to  be  io  nearly  alike  that 
tbey  ajipeared  merely  as  varieties.  The  following  reasons  hafe,  liovever, 
me  to  consider  it  as  specifically  diffej^nt  from  that  species,  viz.: — 

L  Its  shape  is  generally  more  elongate,  that  is  to  say,  while  the  average  index 
1^  In  Oilim  (Mns)  eivitMif  ii  1,107  tt  it  UM  ^ 

2.  The  shell  is  much  less  inflated. 

8.  The  binge  though  being  the  same  as  regards  number  of  teeth  ia  mvob  more 
delieate. 

4.  The  teefc  la  TOtymnidi  thinner. 

Of  ooorae  the  remnrks  made  about  the  living  relative  of  Cyrena  {Batiua) 
craw/urdi  apply  to  this  speoies  also,  as  it  is  extremely  difficult  to  say  which  of  two 
ipeoieeioeloady  allieil  MOfreiut  (BaHtaa)eruwf»rdt  and  jMfrol«iii  the  aeafeM 
relative  of  a  living  species  when  that  speeto  fa  oolj  knowii  from  %  flgnieb  whieh 
ja  not  (ff^io  s«ffioieDt  for  such  »  purpose. 

Iniiily :  CIPRmDS,  H.  A  A.  Adams. 
Geone:  MBIOOABPIA,  H.  A  A.  Adanu^  186A.  . 

Shell  eqvivahre,  inequilateral,  ventriooae,  mora  or  less  triangular  in  shape, 

umboTicg  prnsn;rTn>,  but  turned  away  from  each  other.  An  aeute  atieilg 
keel  runs  from  the  umbo  towards  the  posterior  corner,  dividing  the  surface  in  a 
PKWD  at  Vm  tumid  eaterior  part,  »nd  »  more  <«  Ion  ioelined  oooeeve  posterior 
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part,  toth  of  "which  differ  in  ornamentation.  On  tlin  nnterior  portion  there  are 
oonoentrio,  regular  rib8»  vaijiog  in  •traagtii  in  the  diil«rent  speoies,  aeparated  bj 
■barply  engrared  fnnowB ;  on  the  posterior  pnrt  Umm  hb  only  very  thin  oonoentrio 
strise,  separated  by  similar  furrows.  Lifpunantal  gioofo  external,  naixovr,  ante- 
riorly furcate.  The  hinge  consists  of  a  larsre,  elonsfate,  curved,  tripartite  cardinal 
and  a  very  long  naixow  poBterior  lateral  tooth  in  the  right  valve,  while  in 
the  left  -nUm  tikra  ii  a  low,  ahoit  anterior, «  oiirved».  elongated  poiteiiov  oafdinal 
and  an  elongated  ktcnl  toofb.  PaUial  impraaiioii  not  aiomtedt  almja 
ill-marked. 

The  brothaia  Adam  have  already  reoognised  that  a  certain  number  of  shells 
irhieh  bad  been  inoloded  in  the  genu  Itocfdia  (Sneardia)  fon  by  their  more 
or  less  trianjular,  strongly  oarinated  valves,  a  iiahiral  !?roup,  which  had  bettor  be 
separated  under  a  special  name.  The  diagnose  of  the  now  sub-genus  Meioeardia 
tbna  oitabUdwd  is,  however,  very  insaffldent,  particularly  from  a  palnoalo- 
logkal  point  of  view,  as  it  runs  as  foUowi :  "  Shtill  with  the  amfuM  of  Ibe 
valfea  OOnoentrically  groorpd,  not  covered  with  an  epidermis." 

To  mj  knowledge  Dr.  Woodward  '  was  the  lirst  who  amended  this  diagnosis 
by  adding:  *■  Valves  strongly  oarinated  ait  the  postwior  6n4  fanning  a  piomlnaafe 
aoote  diagonal  ridge." 

By  most  modem  writers,  like  Fischer  and  Tryon,  the  original  view  of  the 
brothers  Adam  baa  been  accepted,  bat  I  think  that  Meioeardia  may  be  considered 
as  afoUgeiras/pavtlealwfyaattlaaliidaaanumber  of  fossil  spedsa  wfaieh  •sem 
to  have  a  wide  distribution  particularly  in  the  European  Tertiary  formation. 

I  am  unable  to  say  why  r.  JCeeaen  includes  a  species  like  Meioeardia  eaeki  in 
the  genus  AnUoei^dia,  ICunioEbOlialDiaN.  Quite  apart  firom  tiia  bnt  that  in  the 
generical  diagnosis  of  tUa  genns it  la  atated,  "pas  de  eartea  postdrleure,"  the  name 
Meioeardia  would  do<;ervo  preference,  bflcanae  it  was  eatabliahed  in  while 
^ttisocordia  was  established  in  1663. 

The  llioaaoa  of  Bumia  haa  jidded  two  ipedea  wUeh  volj  be  diitia- 
guishedaa  loUowB  t— 

A.  Anter^:;r;  art  of  sarfsas  oowsd  iritti  vsiy  fins  soBaMtrie  stiiMk  Bst  finrsr  tfaaa  W 

to  the  auilixnetra. 

1.  Jfrfwwrffa  ptnttrulgari*,  ip«c.  MV. 

B.  Anterior  part  ol  wuttM  eovsisd  mfh  eoaiss  osassntrie  wriakhib  aot  aaeie  thaa 

t  to  the  millimetTe. 

2.  Meioeardia  metavnigari),  gpte.  nor. 

The  above  apparently  proves  that  the  oldest  species  exhibits  the  Unest,  while 
the  youngest,  Muoeniiei  metawlgarie,  exbibita  the  eoaiaest  oinainentatioD. 
Meioeardia  tub-eumiiigiit'WiioAw&ii.  from  Sumatra  exbiMts  a  still  coarser  orna- 
mantatiin  than  Meioemruia  istoai^gari*,  there  beingxue  rib  to  the  miUimatie^ 

*aMiia.iiva,v«r8«ii»  Ill■ri.  lI,m?I,UNk^an>  . 
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and  iC  attj  inference  were  to  be  drawn  from  this,  it  would  be^  thtt  it  ooomt  in 
beds  yonn^r  than  the  zone  of  JJeiocardia  metaculgaht  of  Singu. 

The  reoeat  species  Meiooardia  vulgarit,  mottkiatut  and  lamarkii  have  a  still 
vowm  imiaimeatatioin,  aadthe  de*d(q»^^  of  tbo  gmui  «•  wpmented  in  futtm 
India  and  China  would,  thflrafore.  be  in  aieandiag  oidic  as  foUowt  :— 


I 


In  Boiopa  the  ganin  JfcioeandM  aaeini  to  bo  limited  to  the  Eocene  and 

Oligoceno  periods  ;  no  representatives  seem  to  occur  in  the  younger  Tertiariee; 
daring  tliat  time  it  seems  to  hare  migrated  to  the  Indian  Tertiary  seas,  and  liaring 
migrated  fnrlheff  tomods  eaat,  it  is  at  proMnt  only  found  in  the  Cbba  Seaa,  but 
not  in  the  Indian  Ocean. 

There  nro,  howerer,  in  the  Cretaceous  formation  certain  special  like  Trapestim 
trapetoidaie,  F.  S/oemer,  spec,  which  to  judge  from  the  shape  of  the  ibdl  might 
pi^Mbly  be  a  tnw  JCfiotfwAo.  Iam,how«fer,  nnaUetoTOiifythisTieip. 

UuooABDU  nofomzoAXi^  opoe.  nor.  PL  ZHt  flg*  1» 

MltfUUHHRI. 

LeniCtk.       He«ht.       Thicbiwt.      L,  U. 
BigUnlTQ    .   ^VSmm.    .  210  mm.    .   S'4  mm-    ■  115 

There  is  only  a  single  right  valve  which  has  oomc  under  examination,  but 
being  beautifully  preserved,  a  full  description  of  the  species  can  be  given. 

Tbe  shell  ii  intqnilatenl,  triangalw  fai  ibapib  of  medinm  aiM  and  only  ■lightly 
longer  than  high  ;  the  umbo  is  inflated,  but  strongly  inourvated,  anteriorly  situated, 
nearly  termiml.  The  pedal  region  of  the  shell  is  short  and  rounded,  the  siphoaal 
one  attenoated.  The  anterier  maigbi  k  fomded  and  passes  gradually  into  the 
nearly  straight,  ventral  margin  which  is  just  perceptibly  wnmlod  towards  ita 
posterior  end.  The  latter  joins  the  straii;ht  and  short  posterior  margin  at  a  sharp 
pointed  corner,  fwming  an  angle  of  about  70°.  Cardinal  nuirgin  ationgly  curved. 
Adi«rpkedx«Dalirom1lievmbotowBido«bopoafarior  ooner,  diriding  theevrfMe 
into  a  ImgOVi  evenly  inflated  anterior  portion,  and  a  smaller,  oOoeaTe  posterior 
one,  which  drops  nearly  perpendicularly.  The  anterior  portion  of  the  surface  is 
covered  with  numerous,  very  fine  oonoentiio  striee,  sepainted  by  sharply  engraved 
Intenlieei.  There  are  not  fewer  than  tan  el  tbeae  Unas  to  the  millimetre.  On  tbe 
poaterior  portion  of  the  shell  the  lines  become  indistinct  and  ^4I!htHi  Shi  Ugii* 
mental  groove  is  long  and  narrow,  extending  up  to  the  unho. 
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Th«i  hinge  is  compond  m  folloin  t— 
(a)  Right  palve. 

There  it  fathor  s  large,  angular  tooth  the  poateriur  end  of  which  is  turned  ap> 
wnda  »MtolBnnM(fttiiM«igto,tt0apaxotwUdibtan«dTeiitnU7,i^^ 

in  front  of  the  umbo  and  close  to  the  anterior  margin.  The  anterior  side  is  ft  Btflff 
longer  and  slightly  notched  ;  on  the  anterior  (donal)  side  is  a  deep  triangular  aoeket 
followed  by  a  minute  granaUur  tooUi  dow  to  the  margin ;  a  comparison  with  the 
raeent  Mtioeardia  wigarU  proves  tliat  the  same  elements  an  dereloped  as  in  lliat 
species  and  that  the  posterior  side  of  the  anguhr  tonth  represents  Lai :  the  anterior 
hotisoatal  hnnch  is  composed  of  C3a  and  CI,  while  the  giaonlar  tooth  on  the 
Amal  side  of  Ifte  soeket  repiesents  Lalll.  Tlie  only  diHtamwe  mdeed  weald  be 
that  in  the  Miocene  species  Cl  is  shorter  than  the  aoulgaiMted  08a  sad  LalU* 
while  the  reverse  takes  place  in  the  recent  species. 

Separated  by  a  ahorl  notch  foUows  a  lamellar  strongly  curved,  proaocline  tooth, 
havfaig  a  deep  aooket  on  both  ventnl  and  donal  side ;  this  tooth  is  diTided  bj  a 
shallow  furrow  and  represent:?  C3p  and  CHp ;  its  only  diflerence  from  the 
similar  tooth  of  the  reoeut  speoies  consists  of  its  being  shorter  and  stronger  curved. 
Then  follows  the  ligament  and  behind  it  tte  long  lamoUar  posteiiat  latflial  Lpl 
separated  bf  »  narrow  socket  from  the  mvoih  wMkar  ItjfUl  j  in  tlie  leeent  spedsa 
the  features  are  exaotif  alilca^ 
(6)  valve, 

TlNce  i*  ft  afanOar  trifld  anterior  toott  close  to  the  anterior  bhu^Id^  bnt  in 

harmony  with  the  right  valve,  the  posterior  Imnch  representing  Cs:a  is  rather 
small  while  Lall  and  LalV  are  much  stronger  than  in  the  living  species.  C2p 
is  shmti  lamellar,  prosooline  and  strongly  curved,  separated  by  a  long  narrow 
sooket  on  its  donal  side  fimn  Oadf^  whieh  is  eqeal^  stfong^  enrred.  TImb 
follows  the  ligament  and  behind  it  the  long  laneUar  LpII  bavtag  a  long  seekBl 
on  its  dorsal  side. 

The  hinge  formula  fa  therefore  as  fbllowa 
Right  valve  La.     Ill  :    I  !  C.    3a  :  1     :  8p     :  5p  I  Lp.  I1I;L 
Left  valve   La.  lY  :  II     I  C.      Sa  :  2p    :  4p     :  I  Lp.  IL 
Geological  oeatrrtnM.-' 

Zone  of  ParalMipipedmn  proMoijuoum,  XanUk 
Zone  of  Fhola$  orientalia,  Thayetmyo. 
Bemarki. — ^Ihis  pretty  species  is  easily  distinguished  from  the  younger 
jrefpMmtte  wtetamiltofti  hf  the  tnci  tfanad-iHhe  lines  eonstitotiog  the  ornament- 
ation of  the  anterior  part  of  the  surface-  It  is  also  possible,  although  I  cannot 
state  it  with  certainty,  that  it  differs  from  Meiocardia  metavidgnrig  by  its 
hi^er,  less  elongated  shape.  The  index  L/Q=1'16  seems  at  least  to  indicate  the 
ftetoie  whioh,  if  conitimed  by  ftttwe  weoarehes,  woold  elso  fonn  a  disttaetive 
chamofar.  mthoilft  attaching  however  too  much  weight  to  thi.<;  clinmcter,  m  the- 
index  L/R  always  Tsries  within  certain  limits,  I  wish  to  point  out  that  the  figures 
obtained  from  the  nKesurement  of  Meioeardia  metM^lgaria  seems  to  indicate  that 
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in  the  younger  itagM  the  index  L/H  wtm  •  nniller  one ;  in  other  words,  that  the 
shape  of  the  youniror  8p(>cimens  of  this  spedes  WM  wj  lifluhr  lo  the  fali  fgnwh$ 
geologioally  older  Meiocardia  protootUgarit. 

IbaoouMk  mBLytUMxa,  qpee^  nor.*  PL  XH,  llgi.  S,      9, 8«. 
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The  shell  ia  equivalTe,  Tery  iuqniktenl,  of  medium  size  and  considonUy 
longer  than  high.  The  above  measurements  seem  to  indicate  that  the  height,  which 
is  roughly  speaking  about  three-iourtha  of  the  length,  changes  aomewbat  with  the 
nMoftheahio.  lBtteniMUeitipediiienthefaid«KiitlMk«irait»thatuto8ay,the 
height  is  over  eight-tenths  of  the  length,  and  with  advancing  size  the  height  de> 
onases  till  it  is  less  than  three-fourths  of  the  length.  The  umbo  is  inflated,  pointed, 
•Imiigly  involuted  and  Mawwhat  depressed,  situated  on  the  anterior  third  of  the 
leogOi.  The  pedal  tegion  of  the  valves  is  contxaeted  and  »anlldadfll^til•■i]>holll^ 
expanded  and  attenuntod.  Anterior  and  ventral  mar^^in  rounded,  passing  gradually 
into  each  other;  posterior  margin  straight,  oblique,  forming  a  sharp  angle  of  70°  to 
fgf  with  flw  ventnl  atargio ;  hinge  margin  slightly  eomd.  fonniBg  an  obtaas  angle 
with  the  posterior  margin.  A  sharp  keel  runs  from  the  umbo  towards  the  junctioa 
of  ventral  and  posterior  margin  dividing  the  shell  into  two  regions  distinguished 
by  difference  of  ornamentation.  The  pedal  le^iuu  is  krge,  strongly  gibbous,  and 
oorered  with  deeply  engraved,  xegnlar  oonoentrie,  doealy  set  farrows  terminating 
at  the  keel.  These  furrows  produce  flat,  concentric  rihs  the  surface  of  which  ia 
ventrally  Lnolined.  The  furrowi  axe  generally  equidistant,  but  sometimes  they 
follow  each  other  a  little  closer.  Li  fall  grown  speoimena  the  regular  ribbiofr 
heoomes  indiatinot  towards  the  ventral  macgin  and  ia  y^liHwd  \if  mimbeie 
of  fine,  a  little  irregular  strisB  of  growth. 

The  sipbonal  region  is  steeply,  nearly  perpendioulaiiy  inclined;  an  in- 
diltiiMt  rounded  kaal  mm  fmn  liha  ambo  tomvdi  die  joaelioii  of  poaterior  and 
lunge  margin.  In  front  of  this  keel  the  posterior  region  is  deeply  exoamted. 
The  orniimpntation  oonsista  of  very  fine,  regular  concentric  stris^  which  are  very 
closely  bet,  and  divided  by  interstices  of  about  the  same  breadth.  Thero  are 
•boni  three  ttaMBlhe  mmbevof  atite  enthepo8teiIor,tiiantheiiieaieiilHoiifhe 
anterior  region.  The  liganMnlal  gioove  is  kog  and  nanow,  teeato  aaterintly. 
Hinge  not  observable. 

Koaoalar  MM  and  pallial  la^reMion  indiflttnot.  The  teat  tUn,  measuxementa 
witltflieiBiflwaetoraetewiweiW  to0^mm.inthena>bonalaad  poeteidarpttta^ 
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1*02  to  11  mm.  in  the  anterior  parts.  Oviag  tO  ^Miinfff  o(  tlM  tsat  tlie 
postorlork<'ol  in  alwnys  vrell  Tiable  oa  ooatUt 

Oeoiogical  occurrence.-^ 

Zom  of  JfyMfw  nleAarietu,  Singn. 
Zone  of  Meioeardia  metavulgaria,  Singu. 

Semaria. — ^Tbe  characters  of  the  hinge  being  not  observable  when  I  first 
discoTercd  this  shell,  I  believed  it  to  be  a  Cifprieardia  jud^g  from  its  general 
aitpeaniUM.  1^  tlui^iffs,  tennad  the  bed  in  trfattli  ft  ie  of  eo  faeqimtt  oooafnnee 
Qypricardia  bed,  a  n;imt!  which  must  now  he  ch.anE;pd. 

from  the  Indiaa  I'ertiarj  formation  no  similar  species  baa  hitherto  been 
deeeifbed,  bat  ftom  tbe  Uiooene  of  Jara  and  Sumatca  two  speoicB  are  kdoim.  one 
of  vbich  is  unquestionably  nearly  allied  to  Meioeardia  metavulgaria. 

Under  the  nnmo  of  JJcioeardia  »nb-cuiningii,'Dt.  Woodwand.^  hna  described  a 
species  which  exhibits  features  so  similar  to  the  species  from  Burma  that  I  first 
ooQsidefed  both  to  be  identioal.  The  Somatnui  apeoies  appean  to  be  however  higher, 
and  what  is  of  more  importanoe,  the  concentric  wrinkles  are  much  coarser.  Cbn« 
sidering  that  the  chief  difTeronue  of  M.  protovulgariB  and  M.  metarulgaris  consists 
in  the  coarser  sculpture  uf  the  latter,  tliLs  icaturo  appeared  in  a  ditlercnt  light,  and 
vntit  aettuJ  oompuisoii  would  prare  that  the  epeeiee  are  identleal,  t  oonsider  them 
'at  different. 

From  Java,  Martin '  has  described  under  the  name  of  I^ocardia  moltkiana. 
Lam.  (?)»  a  oast,  which  to  judge  from  the  general  shape  might  be  referred  to  either 
of  the  abore  apeoies.  As  it  ia,  hoverer,  in  rather  a  f  ragmentaiy  state  of  presetr* 
ntion,  none  of  the  ohief  distipgoiehiag  featuwa  bebg  known,  I  nefitBin  fhu  any 

oomparison. 

TbenaanstUTtogrelatiTeis  JfeuiMrclte  nfJ^orff,  Lent.,  of  whieh  I  laddly 
have  a  ipeeies  for  comixarison.  It  will  he  eeea  atr  onoe  that  the  chief  distinguishing 
feflturn  consists  in  the  much  coarser  ornamentation  of  the  living  species ;  the 
concentric  ribs  which  were  jnst  indicated  in  Meioeardia  proiovulgaria  and  which 
hare  derehqied  into  etraog  oomaeatrio  libe  in  IMocariia  melmtlgarih  are 
npraentei  in  the  living  Jf«i00ar«Ka  eit^orjt  by  broad,  fooaded*  father  ooaae  iSha, 

•BWwiij :  FMi&lCOLlDJl,  Shdiodca. 

Genua :  PEIfilOOLA,  laiBaxek. 

Pmioou  nOBBVA,  9eo.'n6r.t  n*XII*<gi.VS> 
MasfonKBRa 

iKflmlw.  arSoM.  .IMwiu  .  X1M 

The  ihell  ]■  o(  modeiate  aiae,  tnairaeely  dcogate,  enVreotea^dan  the  Inrgth 

I  flMN^ll||ia,SOT.a«,DM.II,T«l.Tl,l8r«ipi.a8a,tLI.fig.lO. 

*  ITMlitr.mto  Tirt.8*b.  safiim.lnMiMaUiif.Nli,  si«  Ocel.  Ort.  Amm,  T«L  I.  UM4  ^M«» 
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always  exceeding  the  height  consideribly  ;  the  material  under  examination  did  not 
allow  for  accDxate  measi^remeats,  but  it  appears  tb^t  tiifi  indfix.  L/H  was  latUer 

The  umbo  is  low,  depressed,  situated  considerablj  in  front  of  the  middle  line ; 
the  pedal  region  is,  therefore,  eather  ahpz^  ]N>.unded«  tj^ /liphona)  ^<|gtQa  ;eV>i>C>ta^ 
broad  and  slightlj  attenuated. 

ThB  anterinr  mai]^  ii  hmdlr  roanded  aoiA  pamni  gndnally  Into  the  el<»gat«^ 

almost  strai;;ht,  or  perhaps  slii^htly  convex  ventrril  margin,  which  in  its  turn  passes 
gradualljr  into  the  abort,  broadly  rounded  posterior  margin ;  the  cardinal  margin  is 
long,  owred,  inequilateral,  the  ftaterior  ahort  portion  passes  gradually  into  the 
anterior  margin,  while  the  porterior  paKtunia  ooniidenblj'  longer, «tn%ht^  and 
alightly  Tentrally  inclined. 

The  surface  is  apparently  smooth,  ezoopt  for  numerous,  a  little  irregular 
eonoentrie  etrin  of  growth. 

Test  apparently  very  thin,  not  csccoding  0  28  mm.  .in  t|iie1nMW.  It^temal 
oharacters  and  characters  of  the  hinge  ^ot  known. 

Geological  oceurrenee.— 

'  Zone  of  PAobm  ortorfftUab  ThayetniTo. 

Jiemarkt. — Owing  to  the  entire  absence  of  any  definite  internal  characters  the 
generic  position  of  this  genus  must  be  considorrtl  as  provisional  only.  T  hare, 
however,  assumed  from  the  general  outline  and  the  association  with  another  boriag 
MoUttik,  PAokM  ertaUdUh  tint  tlw  poaBibiUty  of  fhie  apeeies  belonging  to  the  genoB 
PetHcola  is  not  improbable. 

Ibe  specific  characters  are  .too  indefinite  to  allow  of  any  comparison  with 
•ilhar  liring  or  fossil  species,  all  I  can  say  is  that  no  apeoiM  eddbiting  a  similar 
Bbiye  and  snrface  oraameotfttion  hiw  bean  dworibed.either  fioni  Veetetn  Indin  or 
Jnva  ttid  Snnuttn. 

Ainilj :  rXNSBlDM,  8toUoA». 

Gentu:  TENU8,  Iann6. 

Only  two  species  of  the  genus,  so  largely  distributed  in  the  Tertiary  series 
bftTe  beni  deaodbed.  This  may  dhieOy  be  doe  to  the  faot  thai  mnnffoiu  ofiier 
species,  if  their  internal  characters  had  not  been  known,  would  haro  probably 
been  ranged  under  this  genus.  As  it  is,  t^e  character  of  the  hinge  of  the  two 
•peoiea  deaeiibed  ia  unknown,  and  it  ia  merely  from  external  evidenoe  that  theii 
genarie  porilion  was  And,  althoagh  It  IB  not  vwy  probabto  that  it  u  wrong.  Both 
species  belong  to  that  ;?roup  of  Venus  which  is  distingoidud  bj  A  lattioe-like 
ornamentation.   They  are  easily  distinguished  as  foUjOwa:— 

A.  Shell  tiiangnisr. 

- 1.  T«»M  jmMfMMM^  spiob  ler. 

B>  Shell  transvereely  ov*I. 
%.  Fmuu  ftmuM,  Sow. 
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One  of  these  speoiMj  Venut  granota,  is  so  similar  to  the  linng  Sytherea 
mwerbj/i,  Eeere,  that  then  caa  be  baidlj  any  doabt  as  to  their  ideotity  ;  oa  the 
oOflr  haad  Fimtu  pfotofinnma  wpfiumlQf  npfHenti  m  tjf  wUeh  h  estinek 

Wliong:  the  present  fauna  of  khe  Tnlian  Ocean,  though  it  appears  certaUl  thlt iti 
BMUWt  relatire  is  repreeeatad  by  Ftnut  fieawotot  Lino^,  from  Cbioa. 

Yainn  rBOT(nri.xxuo«A,  spec,  oor.,  PL  XII,  figs.  6, 6a, 
HsASiTRBif  Birrs. 

Ltngtli.  Snght  I«/H. 
IS  O  ram.   .   137  ram.    ,  I'll 

Though  not  UD  frequent,  well  preserred  shells  are  rare  and  only  the  measure* 
OMDta  of  one  oould  he  taken. 

The  slioH  is  triangular  in  shape,  the  length  being  only  slightly  in  excess  of  ^he 
height;  the  iodex  L/fi  is  therefora  apparently  small { it  is  modemtely  inflated  and 
rather  inequilateral. 

The  umbo  is  inflated,  pflongjrio,  aitnated  at  about  the  middla  liae^ 

The  pedal  regkiii  iaahoirt,  wwded,  the  aiphoaal  one  aiightlj  lomar,  aoonminated 
and  truncated. 

Antcsior  margin  liroadly  roonded,  passing  gradually  into  ^  8tia%ht  Tentml 
margin,  which  forma  a  sharp  pointed  angle  with  the  postarior  BWigm;  tha  latter  ii 
father  long,  oblique ;  cardinal  mai^in  apparently  sliort. 

A  strong  sharp  keel  runs  from  the  umbo  toward}  the  posterior  corner,  the 
rarboe  dropping  ataaply  behhiid  ii 

The  surface  is  covered  with  numerous  fine,  radiating  riba,  which  are  flat  and 
separated  by  linear  interstices ;  these  are  crossed  by  sharp,  raised,  equidistant 
concentric  ribs,  which  are  separated  by  broad  interstices,  thus  producing  a, 
tfaemsate  omanientatlon* 

Ohamnt^rs  of  tha  hinga  aqd  ialarnal  iJiayaBtomi  of  tiia  aM)  a«|  Itnoini* 

Geological  oceurrenee.— 

Zone  of  Fkolat  orientalit,  Thayetmyo. 
BMMvIa— Thia  qweiea  baa  a  Tsiy  aloaa  lalatlva  bt  Femu  MfntUtt  Hark., 

fiom  JaTa,  and  I  have  hesitat<'d  for  pome  time  wlifither  it  hnd  not  bwn  better 
included  under  this  name.  It  appears,  however,  that  Fenus  trigonali*  is  of  a  more 
orbioular  shape,  having  the  posterior  area  leas  steeply  imolined  and  a  longer 
f^iJiiiJ  margin.  ThaaedUhMnoeawliioh  araweUapMsad  in  Professor  Martio'a 
fissure  spomnd  to  he  sufficient  to  justify  a  specific  separation,  alttuNigh  tha  olosa 
relationship  of  the  two  species  is  unquestionable. 

Among  ihe  living  speoiei  rmiit  fiernmow,  Lfat,  from  China  aeama  to  lia  tha 
next  relative ;  general  shape  and  ornamentation  of  the  Miocene  apeoisB  agiao  Ttsf 
well  with  Reeve's  figure  of  Venxti fiexuona,  but  hnvin?  unfortunately  no  specimen 
/or  comparison,  I  am  anable  to  say  how  1^  my  view  is  correct.  The  chief  differ* 
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«iice9  would  be  a  larger  shell  and  a  coarser  ornamentation,  a  foatnre  which  is  quite 
in  harmonj  wiih  the  obsemtion  nude  in  other  species,  and  the  probabilitj  thai 
'F0mi»  fiiMmt/»  M  ft  ikwewlktit  of  Iks  MiMnM  Tmut  ftohfiexuota  u,  tharafom, 

Vmm  mumkt  Soworlqr,  £L  ZII,  figh  7, 7«. 

tm.  rmm  §r§antk immitMi turn*/, Tmm^ a<it Iw,  fci imw ?dL T.fl. T, ij.  t, 

Unfortanatdirt  m  iu3j  one  •padniu  which  is  partly  damaged  has  come  under 
exatninatioD,  no acoarate  measurements  oottld  be  taken,  but  the  charaeten  of  iho 
aurfaoe  are  sufficiently  well  pmerred  to  allow  for  determiaation. 

flu  ibdlii  •Imort  oibimilMF  in  ahape*  and  m  Am  knj^b  MffunXlf  wii  not 
greatly  in  excess  of  the  height,  the  index  L/H  miHt  liftTO  been  wttrar  nwU ;  it  ii 
modeirately  inflated  and  slightly  inequilateral. 

Tb«nmbo  is  a  little  tumid,  but  low,  prosogyric  and  aliglitly  in  front  of  the 
ailUle.llM.  The  pedal  wglon  is  short,  rounded*  eomewhat  oontmoted,  the  aiphonal 
legion  a  little  longer,  hroni  and  rounded. 

Anterior,  reotral  and  posterior  margin  form  an  alnoBt  complete  eirde; 
eaxdinal  mar^  modeiatelj  oorred,  inequilateral,  ihe  ihoiter  anterior  portion 
passing  gradually  into  the  anterior  margin,  the  longer,  slightly  eOBTCa^  posterior 
portion  forming  a  Tery  obtuse  angle  with  the  posterior  mnrErin. 

The  ornamentation  consiiite  of  numerous,  fine,  raised,  lamellar  concentric  ribs 
feUlowfaig  at  regular  Intervals,  which  slightly  Inoraasa  in  height  towardsthe  TeBtial 
margin.  These  ribs  are  onxsed  hy  numerous,  low,  rounded  radiating  ribssepanted 
by  linear  intersticee ;  these  are  chiefly  marked  in  the  intervals  between  the  oonoen> 
trio  rib»,  while  the  only  eSeot  produced  on  the  latter  is  of  slightly  notching  them. 
The  eoneentrie  aeo^pfaiM  pcedixsinatasflieinftinorar  tin  ndiatiBg  ones  nuigin 
ifaiely  crcnulatcd. 

Characters  of  the  hinge  and  internal  features  not  obserred. 

Horizon  unknown.   Miocene  near  Prome. 
Bemarki. — The  geological  horizon  of  this  species  is  not  known  with  certainty ; 
(o  judge  from  the  rock  it  oomes  most  probably  from  or  near  the  zone  of  C^therea 

The  species  here  described  Is  so  Twy  similar  to  Cyihtrta  aoteerbgi,  from  the 
Indian  Ocean,  that  I  failed  to  disoorer  any  difference  ;  it  may  perhapn  be  that  the 
recent  Cytherea  totoerbfi  has  a  slightly  larger  index  L/H,  but  as  the  specimen 
nnder  dseeription  is  onqnsetiojMblj  somew^hat  sqnaehedt  I  do  nottnuittopiit  too 
nnah  stress  on  this  Cwtnek  eonsidsring  that  la  other  rigiids  tho  etnamentatian  is 
enio^  the  same. 

ITnder  the  name  d  Venut  gfanoMf  Sowerby  desetited  ft  speoies  which  is 
fioibably  closely  allied  if  not  identtoal  with  Oftkerea  towerbfi.  The  figure  as  well 
ps  the  desoDption  beings  honwer,  wf  insnlDoimtt  only  aotnal  oompariaon  with 
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Bowcrliy's  typo  specimen  will  enable  this  question  to  be  sottled.  If  Fentu  granoia, 
Sowerby,  &ud  Cylkerea  eotoerbyi,  Heave,  sp.,  were  idontioal,  prefereace  skould  b» 
^TOi  to  that  mme  whink  k  O*  cUer. 

Gam:  OITHBBBA,  Lamafok. 

llw  two  gpeeta  liera  dMoiibed  aa  bfllongiBK  to  the  geaiu  0Sirft«r««,8.a.,<»nbe 
diatbgaidiad  aa  fdbira 

A.  Shall  lKg«,  «irfM«co«md  iriUi  bcMd  flat  Maeentrio  libt  Mpuatad  Ij 

linwr  iBtmtioM. 

1.  CfthereaeTfcina,  Parana  e. 

B.  Sh«ll  tnall,  rarliM  Mtmingljr  imootlif  bat  exbibiting  iiiid«r  the  nignify- 

i.  Cytherta yomacntii,  i\i«t,9an» 
There  can  be  hardly  any  doubt  that  Cytherea  eryeina  is  identical  with  the 
q^aoies  of  that  name  inhabitiag  the  Indian  Ocean  ;  on  the  other  hand  Cytherea 
foMMMh  xepBBNnte  an  eztiiiek  ^rpa  of  whidi,  lioirem.  no  nlatiTfla  conU  be 
tnoed. 

CrxaitBiiA  BRXCiMA,  Favanno,  PI.  XII,  figs.  9,  9a,  10, 10a,  11, 11a,  12,  a-b. 

JHtM  aryeima,  Bmtv,  Mooograpb  of  lha  0—  Ittmi,  PL  I,  lif  A 
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THd»  flpeoies  belongs  to  the  largest  shells  known  from  the  Miocene  of  Burma  ; 
as  will  b«  seen  the  largest  specimen  measures  nearly  58  mm.  in  length,  it  is  trans- 
Venefy  elliptiBal  in  aliape,  the  length  exceeding  always  the  hei^t. 

ne  index  L/H  doaa  not  exhibit  a  great  amplitude,  as  it  varies  from  1'17  to  1*11 , 
the  matbaniAliaalafcnga  wonld  thercCoM  be  1-29,  but  tha  aalonUtadaTeiage  bl'Slft, 
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If  the  specimens  measured  above  are  UfWIied  MOOniillg  to  the  «iM  of  tin 
iodez,  the  following  table  will  be  obtained  : — 

laaw  ....  1-17  1-18  l-IO  120  1-21  1-22  1-23  l  U  126  1-26  IK  1-28  l-2»  I'M 
MttAiv    ifMlflUH  •     •    X    M«     »■     •   3    1      1  8     9  S 

bte    ....      m  1-tt  1-tt  1-M  i-as  I'M  i-sr  i-tt  y»  vto  i-a. 

It  will  be  wen  that  the  eham  it  neerlj  mUnterrapted  hi^tnm  1*26  end  1*97, 
end  we  maj  take  it  that  the  greatest  number  of  Hpeoimena  will  have  an  index  within 

these  limits ;  those  baring  a  smaller  and  higber  iudox  are  bo  few,  that  we  may  consider 
them  as  rare  exceptions.  The  abore  figures  seem,  however,  to  indicate  that  the  tan- 
6mttj  of  -nuiatkm  is  mora  towards  the  derelopment  of  man  orUoular  than  of  elong- 
ate specimens. 

Ihe  formula  of  variation  la  therefore  as  follows 

1*41  (1-290. 

•  fs».  Sft     I  av. 

1-17  (l-a]9. 

Far  the  greatest  number  of  specimens,  vie.,  15  or  of  the  total  number  are 

groaped  between  indioea  1*80  and  1*88,  that  is  to  tajt  araniid  tlieoa]oidatBd«vwBgiB 

index,  a  fact  which  is  quite  in  hacmoDy  with  the  molt  obtained  from  the  atodjr  of 
"Che  varieties  of  otlitr  spocies. 

The  shell  is  moderately  and  uniformly  inflated ;  no  meaavnments  could  liowever 
.be  taken  with  Ngaxd  to  the  tUokaeM,  aa  ib«  stale  of  presenratiaB  wae  in  allcaaei 
each  that  fis:ures  would  have  been  very  unreliable. 

The  umbo  is  pointed,  bat  low  and  depressed,  strongly  proeoprric,  and  situated 
not  far  behind  the  anterior  margin  ;  the  shell  is  therefore  rather  inequilateral. 

The  pedal  tegkm  is  short*  nmnded,  the  siphonal  one  elongated  and  aoeuminatad. 

The  anterior  marjjin  is  short,  rounded  and  forms  a  broad  cep  with  the 
itMlin^y  convex,  ventral  margin ;  the  posterior  margiu  which  is  short,  slightly  convex, 
f Qnni  an  obtnie  angle,  the  oomer  of  whidi  is  roonded  off,  with  the  -nratial  margin 
and  passes  gradually  into  the  posterior  part  of  the  cardinal  margin.  The 
margin  is  very  lon^,  angularly  broken,  the  anterior  part  bung  alightlj  oonoave  and 
mnoh  shorter  than  the  oonvex  posterior  one. 

Tbo  hinnla  ia  lather  email,  slightly  eenoave,  eirenmaoribed  by  •  dmp  farrow. 
The  ornamentation  consists  of  nnmerous,  broad  but  flat  concentric  ribs,  separated 
by  Snear  deeply  engraved  interstices  ;  ribs  aud  interstices  are  chiefly  continei  to  flie 
•aterior  region  of  the  sorfaoe^  where  the  former  become  frequently  slighUy  raised  > 
in  posterior  direetioBC  the  ribs  and  intetetioes  beeome  effaeed,  and  the  posterior  ,  ngion 
Is  only  covered  with  fine  coacentrio  striso  of  gro-wth  ;  there  is,  howovor,  no  general 
rule  as  to  the  terminatMm  of  tbe  riba ;  in  some  specimens  they  cover  nearly  tl^  whole 
anrfaoe  wbfle  in  elben  they  extend  only  over  the  anterior  half. 

The  hinge  has  not  been  obaerrad. 

fbe  muscular  impressif)as  were  very  strongly- maihod,  tboin  waaaibKng>ridge 
an  the  posterior  side  of  the  anterior  soar. 


SOO  VAVTSTA  OP  THE  BilOCBNE  BEDS  OP  BtTRMl. 


The  palli.ll  imjircseioQ  is  stroD^y  markodj  the  ainua  deep  and  aogalMr  • 

Otological  occurrence. — 

Zooe  of  ParaUettptpedim  proMtrtaamm,  Kuna. 

Zone  of  Photai  orisntalis,  Thayetmyow 
Zooe  of  Cftherea  erjfcina^  frome. 
JBfMorAt.— Thii  wpedM  Memi  to  Iw  ■»  iMquent  in  •  onii&i  bed  M  to  ezolndv 
mtdy  all  oklicr  wpmAiB,  and  Ur.  Thaobald  has  therefore  atfaeibnted  a  great  stratignb- 

phical  importance  to  the  Cytherea  promentis  hei.  Cytherea  ert/cim  is  easily  distin- 
goished  from  all  the  others  by  ita  size  and  by  its  omamsotation;  with  regard  to  size 
vbHj  Dkmt  fmsgitiMdm  might  perhaps  be  oomparadto  it^  and  at  tbe  lint  glaaoe  it 
iBij  Baem  as  if  both  spaoiaavMa  identical,  on  closer  examination  it  will,  however,  be 
seen  that  this  species  never  exhibits  the  regular  flat  and  broad  ooncsentric  ribs  on 
the  anterior  region,  having  instead  of  them,  coarse  irregular  strise  of  growth,  with 
imgidar  wrinklet  betwwa  than.  Aa  Inefarnotiflad  aayipaoIiiHiii  vUob  bf  tbe 
obaiaoter  of  their  ornamentation  might  form  cnnnoctins:  linlv3  between  0$(kerea 
eryciaa  and  Dione  amygdaloide$  I  considered  it  better  to  desorihe  them  ai  aepamta 
species  though  they  are  unquestionably  eloaely  allied. 

lUi  speoiei  baa  boen  fnqnently  alluded  to  by  ICr.  Theobald  nndflr  11m  nan* 
of  Cylherea  promensis,  but  on  stutlving  its  living  relatives  and  on  oomparin?^  the 
living  Cjftkerea  eryoiua,  Fa  v.,  from  Oeylou  it  waa  obrioos  that  the  speoidc  name 
••ffoiMMja  **  bad  to  be  oanoelled.  It  nnat,  bowerw,  be  mentioned  tint  old 
ami  large  specimens  of  the  living  Cytherea  erfft^mm^f»»  the  peculiar  ornamentation, 
towards  the  ventral  margin,  and  the  flat  ribs  are  replaced  by  coarse  stria?  of  E^rowth, 
a  feature  which  is  unquestionably  connected  with  the  geratoiogic  stage,  while 
dttting  tbe  malogle  andepbebolio  atagea  tbe  abeU  ia  eaaotly  like  tbe  UiooaiM  iped' 
mena.  Ve  may,  tbanfore,  conclude  that  the  living  Cytherea  eryoina  is  the  direct 
descendant  of  the  Miocene  species,  but  that  in  the  gemiologio  atage  it  develoj^ 
features  which  are  unknown  in  tbe  fossil  repieaentatiTe. 


OxmuA  TUUivnab  tpeo.  iumt.,  IL  HI,  flga.  18, 18«* 

IiMfUi.  H«ii|M.  I/H. 
SfrOra  .  iMwuf.  .  tor 

Tbe  ■hell  ia  ebKqacly  triangohur  ia-tSm,  rmj  inequilatenl,  bnt  ba^t  and 
langCh  are  only  slightly  different ;  the  Index  L,  H  is  therefore  small ;  the  slioll  ia 
moderately  and  uniionnly  iaflated.  The  umbo  ia  pointed  bat  depressed  and  so  strongly 
pioBOgyrie  that  it  Bh  neaiiy  in  a  line  wftb  the  anterior  margin.  Tbe  pedalngibn 
ia  IbeNlonveiy  abort,  rounded,  the  dphonal  one  elongated  and  broadly  accumin&- 
ted  ;  nnterior,  ventral  and  posterior  margin  form  a  broad  curve  the  posterior  end  of 
which  is  abruptly  turned  in  doraal  direction.  The  cardinal  margin  is  long,  angularly 
biikMii,  ita  Shorter  ratiilei  part  paasea  gradually  into  the  aatiKiairBiaigliik  wbiletbe 
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longer  posterior  put  I*  dig^fly  otmwm,  TeDtnllj  inolined  Md  fomu  aaobtoie  angle 

with  the  posterior  margin. 

The  1  iinula  is  large,  slightly  concave  and  hardly  scparnted  from  the  remainder 
of  the  surface,  its  boundary  being  marked  by  a  finely  ongrured  line. 

Tbe  aorfiioe  to  ehiny  uid  appaieotly  Bmooth ;  through  a  nu(piiiying  1mm  ft  la, 
however,  sren  that  it  was  covered  with  numerous,  0Tcccdin2;ly  fine  concontric  striae. 
A  regukr  feature  seems  to  be,  bowereTf  tbe  format iou  of  some  strong  concentric 
marks  of  growth,  wliioh  form  afacoog  farioei,  so  to  speak,  partioularljr  towards  the 
Tentral  margin. 

The  hinge  is  not  well  osposed,  bat  a  right  valve  shows  the  ordinary  development 
of  CsSp*   Ligamental  groove  long. 

Oeotogtet^  oeoprreiiee.'— 

Zone  of  Pholas  orientalist  Tliayetmyo. 

Bemarkg. — Although  the  hinge  is  not  sufficiently  known  it  is  quite  certnin  that 
this  species  bebnga  to  the  genus  Cgtherea,  s.  str.,  to  judge  from  the  smooth  surface. 

In  its  JiriNwto4ike  ahape  it  resamUes  ao  mooh  to  JMom  tBmdkaimtU  that  eaata 
of  tbe  two  species  could  hardly  be  separated,  tbe  only  distinguishing  feature  would 
perhaps  be  the  slightly  broader  siphooal  region  of  Cjftierta  i/omaiMitt  as  may  be 
seen  from  comparison  of  the  figures. 

The  oluaf  diatingnwiifag  feature  mta,  however,  in  the  differant  omamentatiba 
of  the  surface,  which  except  for  the  strong-  marks  of  irrowth  is  perfectly  smooth  in  the 
species  under  description,  while  in  Dione  arraJcanensia  it  is  covered  with  strong 
lOttndad  coneentrio  dn,  separated  by  bnad  eonoavo  iaterstioes. 

Unfortunately  tha  nqpoetira  gaological  positions  of  the  two  specimens,  with 
regard  to  each  other,  are  not  known  ;  it  may  be  quite  possible  that  one  is  the  descend- 
ant of  the  other,  and  it  would  be  quite  in  harmony  with  the  facts  derived  from  the 
study  ti  other  apeoiea  if  we  were  to  assame  tliat  the  apeaifls  with  tlw  ooaner  aoolp- 
tore  ia  the  younger  one. 

There  it  no  similarity  with  any  of  the  other  speoies*  in  fact  its  shape  together 
with  its  smooth  surface  readily  distinguish  Cjftherea  ffomaium  from  all  the  others. 

Messrs.  d'Archiac  and  Haime  have  deaeribed  under  the  name  of  Ojfprim^  aemi 
lumrii  a  species  which  appears  to  have  a  great  similarity  to  Cyfherea  yomaiHtii,  at 
least  as  regards  the  general  shape.  This  applies  in  particular  to  the  young  speoi« 
men,  fig.  15,  and  if  the  finea  of  growth  were  a  little  atronger  marked,  tbe  aimihcil^ 
of  both  species  woold  be  complete. 

I  refrain,  however,  from  makinsr  any  definite  stitcnient,  because  those  of  Messrs. 
d'Archiao  and  Uaime's  species,  which  have  been  ba&cd  on  costs  like  Cyprina  iftai- 
dHMPih  are  so  ffl-flgnsed  that  it  ia  impossible  to  form  an  opinion  without  the 
examination  of  tbe  type  specimen.  It  certainly  may  be  questioned  at  once  whether 
Cypri'ia  semilunaris  belongs  to  this  genus  or  not,  in  fact  I  feel  rather  inclined  to 
consider  it  as  belonging  to  the  genus  Cytktna,  and  it  nay  be  quite  possible  tiut 
Cyprina  lemiUmarii  and  Offitrta  ymaiMktn  identioal, a  question  whiohmiist  be 
1^  to  tbe  f  ntore  to  deeido. 

«  D 
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I  hare  not  Iwen  able  to  disorer  any  liring  relative  of  this  speciM  iriiioh  pvo* 
hMf  tepiemita  a  ^pe  extinot  among  the  faooa  of  the  Indian  Ooeaa. 

flliesepnration  of  the  ^enus  Dione,  Gray,  from  Cythi^rf",  \Avn.  {=^It>retfi3t^  Lam.) 
ii  not  recognized  by  all  authors,  and  it  must  be  admitted  that  the  paUoontologiBt 
will  always  mert  with  eonriderable  diflloaltiea,  nnloH  the  ehanusten  of  the  hinge  ara 
known.  If  only  the  outward  characters  of  the  shell  are  known,  it  is  almost  futile 
to  attempt  any  distinction,  hut  a"*  most  of  the  sp<K'if"«  hen?  exaniinod  exliibit 
the  cliaracters  of  the  hinge,  which  are  different  from  that  of  the  typical  Cytkerea 
erjfdtta,  I  prefer  to  aepante  them  nndM  a  differant  geoetio  naaie. 

Fire  species  Ikave  been  deaoribed  whieh  eaa  be  eaiilj  ffistbgoklied  as  l<dIows 

A.  8lirf»oi>  aiiv>-re<l  with  reLTnUr,  rathw  StKNif  MOOMllrie  lihs. 

(a)  Shell  tranivec««ly  otsI. 

1.  DjMM  pnittiMn»,  ipM.  hot. 
ft)  Shtfll  Iriansjular. 

i.  Jliifne  arraJkaHciis,  spec.  no*. 

B.  SnrfMc  eoTerwI  with  innmakr  oomratrio  wiiaklas. 

(a)  Shell  lar^v,  transvsnely  oval, 

8,  //*o««  am^gadtloidet,  upeo.  DOV. 
(f)  Sbvh  »niall,  trigonal. 

4w  Dwu  dmiititi,  Noetling. 
0.  Berihflssovtnd  with  aneadiiigly  fins,  nguUr  oonMatrio  rihs, 

ft.  JNon  frUopkUif/tiaMnm,  apM  un. 

No  living  telatiTes  eonld  lie  disoorered  of  JMom  jtrofoiffaeifiM,  JMeee  amiihHWirilt, 

Jiiope  awynailaloiiUs  and  Dhuc  duhiota,  which  unquestionably  represent  types 
extinct  among  the  fauna  of  the  Indian  Ocean.  On  the  other  hand,  it  seems  certain 
that  Dione  proteiUaeina  repieaents  a  pemaneiit  luatogis  stage  of  the  living  J)Ume 
Htaeiiia,  Beer^  from  Australia,  while  JDiene  pnlophiUpfinanm  is  appaientlj  the 
lilooene  anoestor  of  the  living  JHome  pkUipptmanrnt  Reere, 

.  Smim  nMnsouucora*  qtaa.  nor.,  Fl.  XII,  figs.  H  Ue,  Fl.  XIII,  fig.  1,  «<. 

im.  C^fltwii  WspiiM.  Mftia.  JwnlMWr  f»a  awtw,  ^  88.  PL  y ,  Sg.  7. 

-  Owing  to  tbe  insaffioieitey  of  the  material,  no  raeasnrementi  eonld  he  taken, 

but  it  can  safely  be  s^d  that  the  shell  is  of  moderate  size,  trannversely  elliptical  hk 
shape,  the  lon^th  oxwedins;  the  height  or>n<!idiM-ably  ;  the  index  L/Jl  is,  thnrefore, 
rather  Urge.  The  umbo  is  low,  proaogyric,  situated  slightly  in  front  of  the  middle 
ttne ;  the  anterior  xagjon  is  modeiaiMy  long,  slightly  aeenninated ;  the  posterior  one 
jnst  a  little  longei^  stfongly  aeouminated. 

The  anterior,  Tontral  and  posterior  margins  form  a  broad  elliptical  ownt, 


Digitized  by  Google 


FAUNA  OF  THE  MIOCENE  BEDS  OF  BUBUA 


203 


which  on  eitbm  tide  famu  a  sharp  pointed  angle  with  the  cardinal  margin.  Th« 

cardinal  margin  is  Ion?,  angularly  broken  ;  the  anterior  part,  which  is  tho  sluirteri 
is  slightly  concave,  the  posterior  oae  slightly  coarex.  The  lunula  is  ill-deliniid, 
ntber  loog. 

The  ornnuu-ntation  consists  of  itunicrfiiis  stroncr  rntauled  concpntric  ribs 
separated  bj  deep  linear  interstices,   iiinge  or  internal  charauters  not  seen. 

V 

Qeotvf^ical  occurrence. — 

Zone  of  Mjflilu$  nicobarieut,  Sia^ 

Zone  of  JMffoardfo  melupulgmrit,  Singn. 

Zone  of  Jroa  iheo^aldif  Kama. 

Zone  of  Parallelipipfdum  proiotoftwitum,  Kama. 

Zone  of  Pholaa  orietttalin,  Thajetmyo. 

Zone  tt  Oiftterea  tryokta,  Fvome. 

Remarkt. — The  general  shajie  of  thu  species  rcsetuMes  closely  to  2)»oiM 
protophilippinarumy  that  it  might  be  mistaken  fur  one  of  the  Tariotie^  rar. 
1-17-1*36,  that  is  to  say,  the  more  elonj^ate  ones.  It  will,  however,  at  ouoo  bo  seen 
tbatU  nflftflrially  dUE^  from  that  spwisB  by  ite  moM  floaiaer  onuusMitation,  tbat 
ii  to  say,  the  ribs  of  Dione  protolilnfiin  aro  mu<>h  stronger  than  thoso  of  Diont 
protophilippinarum,  and  in  this  regard  it  equals  J)i(me  orrakottetuit,  which  ia^ 
however,  easily  distinguished  by  its  N«omta4!Qn  ibapo.  We  might  in  faot  deaoribe 
tiie  obtnotars  of  this  speoiea  in  auoh  a  way  M  to  say  it  ia  »  IHome  ptotih 
philippiioriim  licnring  the  ornamentation  of  Dione  nrrakanenA», 

It  is  hardly  doubtful  that  the  specimens  from  iiurma  are  identical  with  that 
species  TfUdbbMbeandflaoribed  by  Ibrtin  onderthe  n«no  of  Ojftkeiw  ia«cin» 
from  Sumatra,  but  it  may  perhaps  be  questioned,  whether  Cytkerea  Ulacina, 
Martin,  \^  iilontionl  with  Oytheren  lilaoina.  Lam.  At  any  rate  suoh  a  doubt  cannot 
be  suppressed,  when  Martin  and  liceve's  figures  of  this  species  are  compared. 
Haztln  states,  homenr,  distinotly  tbat**  he  is  voable  to  diioemonefd  hisepaoimena 
from  youn::  iiidividiiaU  of  Cylli'rcn  hldciivt"  an  obs.erratioil  whklh  glTflS  a  bint 
as  to  the  relationship  of  the  Tertiary  and  recent  specimens. 

It  vin,  howoTer,  be  useful  to  fix  the  differences  between  the  Tertiary  and 
living  types;  the  latter  attains  a  size  which  is  not  readied  by  any  of  the  foetil  ones* 
either  from  Burma  or  Stimatra  ;  it  i-*  furthfT  distiiii^uishod  by  broader  ribs,  which, 
bowerer,  become  ellaoed  towards  the  ventral  murgiu,  but  the  soulpture  o£  the 
tuabonal  xe^on  resemUes  elosely  to  that  of  the  Tertiary  types. 

FlOOlthe  above  observatl')n,  th;it  young  specimens  of  flw  Uvillg  Cylherea 
lHacina  cannot  bo  disting'iisliod  from  the  Tertiary  types,  we  may  therefore 
conclude  tbat  the  latter  is  the  direct  ancestor  of  the  living  species,  but  that 
in  the  ODorse  of  evdotioii  tbe  recent  speoimeDS  htTe  aeqnired  ehBraetars  whioh 
axe  not  yet  expressed  in  the  fossil  type.  Thes<!  characters  arc  a  lartjer,  apparently 
thioiker  sbdl,  broader  ribs,  which  iu  the  geratologio  stage  become  effaced.  The 
tendeney  of  tbe  evolntioii  of  more  coararr  feattoes  iSf  therefore,  quite  in  harmony 
with  the  observations  made  in  othra  speidee. 
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It  seems,  tlierpfore,  certain  that,  though  Dione  protolilacina,  spec,  nov.,  repre- 
sents a  typo  extinct  among  the  fauna  of  the  Indian  Ocean,  it  is  the  direct  anoestor 
of  1K9M  AlMiM,  Beere. 

SioiiB  AXBAXAnvni,  qwo.  nor.,  PL  Zin,  fig;  2, 

iMgtk.  U*igbU  nUiM.  IVH. 
Vt^ma.   .  IMan.  .  Mm.  .lit 

The  iInU  ii  dbliquely  triaiigdar  ia  dupe^  very  ineqnUatend,  tlie  length 

exceeding  the  hei!;lil  ouly  slightly,  the  iadox  L  U  is,  therefore,  rather  small ;  it  ia 
moderately  and  uniformly  inflated.  Ibe  umbo  is  thick,  inflated  and  so  strongly 
pioiogyiio  tfitt  it  liea  elmoet  in  ■  tine  with  the  eaterior  margb.  Fedal  legion 
tbenfore  very  abort,  roanded,  tiphonal  one  elongated  and  accuminated.  Anterior 
margin  short  rounded,  passing  gradually  into  the  broadly  rounded  ventral  margin, 
which  in  its  turn  pawea  gradually  into  the  short  posterior  margin.  Cardinal 
nuTgin  long,  angalaxly  hcoken;  the  Mitecioir  pert  being  unoh  eliorler  fbaathe 
posterior  one,  peMing  gnulaally  into  the  anterior  margin ;  the  posterior  part  is  very 
long,  slightly  convex,  !>trongly  inclined  in  TBntral  direotioa,  forming  a  pointed  angle 
with  the  postero-ventral  margin. 

The  lonnla  ia  laige,  digbtly  eooeaTe,  devoid  of  any  onanenlation,  eseept  lloee 
of  growth,  well  circumscribed  by  a  sharply  enenived  line.  The  ornamentation 
eontists  of  numerous,  cloeely  set,  thin  and  sharp  conoentrio  ribs,  which  are  separated 
by  concave  intentioes  of  about  doable  tiieir  bRttdtli.  Near  to  the  lentral  margin 
the  atnngth  of  both  ia  about  aaeli,  that  8  ribe  and  8  Intentieea  eoma  to  1  nun.  in 
height. 

tthe  hinge  is  composed  aa  follows  :— 
a.  Jt^MeslM. 

No  right  valre  of  this  ipeiaes  being  known,  the  hinge  characters  could  be  only 
conjectured  from  an  impression  of  the  hinge  of  the  left  valve ;  as  this  is  in- 
sufficient for  the  finer  study  of  details,  particularly  with  regard  to  a  com- 
pariion  irith  oUier  ipeoiea,  I  nfialafiRNn  any  fnrtlier  aondnahmi,  and  I  ean  only 
give  the  description  in  ganeial  ontlins. 

1.  Anterior  lateral  twth. 

There  are  probably  two  rudimentary  anterior  laterals,  Lai  and  Lai  11,  the 
Inttar  being  the  amallci. 
S.  Caidinal  teeth. 

There  is  a  thin  lamellar  anterior  cardinal  03a,  which  was  probably  slightly 
opisthoclino  ;  CI  was  probably  similar  in  shape  to  the  former,  but  slightly 
smaller ;  C3p  is  the  largest,  and  strongly  prosoolinei 

t.IMeriorlatena  teeth. 

Them  were  probably  two  posterior  latandi.  Lpl  nni  LpIU;  botli  of  vUA 
wen  eeitainly  ekmgate,  lamellar  and  veiy  thin. 
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b.  Lfft  valrf, 

1.  Anterior  latornl  ioeih. 

There  is  a  transTerselj  elongate,  rather  high,  Tontro>dorsaUj  oompreaeed 
•nterioc  latMwl  tooth  IaII  vUeh  it  itrongly  opistbocline,  and  almort  horiiontal, 
Ittving  ft  deep  lodnt  anili  docHl  lide. 

2.  Cardinal  teeth. 

Tlie  anterior  cardinal  tooth  C2a  is  thin,  lamellar,  slightly  currcd  and  opis- 
thoclme,  having  a  deep  socket  on  its  anterior  and  posterior  side ;  at  the  apex  it  is 
ji^ed  to  Olp»  TUb  tooth  ii  broad  at  its  Imm^  «tt«iiiiated  at  its  apes^  eboaglf 
imiocline  and  joined  to  028*  forming  an  tmayminstrical  A  shaped  tooth,  the 
apex  of  whioh  is  strongly  drawn  in  anterior  direction  ;  be  hind  it  is  a  deep,  braad 
■oeket,  whioh  is  foUowed  by  an  eluagate,  ourred  aud  strongly  prosocline  tooth 
04p,  whioh  ifl  almost  amalgamated  to  the  ligam«ital  nymphe. 

8.  Posterior  lateral  l<'eth. 

There  is  ouly  a  ruJimoutary  elonr^ate  curved  posterior  lateral  LalL 
Tlie  hinge  formula  is,  therefore,  as  follows  :— 

Bight  TalTe  La.  (Ill) :  I  i  0. 8a  :  1    :  8p     1  Lp.  (Ill)  :  L 
LeItvalTo  U.      II  s  I  a  :  9a  :  Sp  t  4ip|Lp.  (II). 

Qnhgical  oeeurrenet.^ 

Zone  of  Parallelipipfdum  prototortuotum,  Kama. 
Bewtarkt, — ^Tbe  oblique,  triangular  NucMla-\ik»  shape,  together  wifli  the  nearly 
tomiiiial  umbo,  diaBngniidi  fhis  apeoiai  wbhdi  is  appaienily  piatty  turn  faom  all 
the  others. 

No  living  lelatiTO  of  this  species  ooald  be  found,  and  it  most  probably 
npnonti  atype  estinot  among  tbafMnaof  tiie  Indian  Ooean. 

Dsm  AvroBAXAiDBit  apee.  uov^  PL  ZIII,  figa.  8»  a^  dk  «ha 

Mbasdkkhbxtc. 
(a)  IHghl  (h)  •UBt  lAn, 

(l)a»tMi  f  t  0}M«wi..*<iwB..l-a 

The  ahdl  is  of  tolerably  large  atae^  tramvenaly  oval,  though  the  length  does  not 
cnead  the  height  very  mnoh,  the  index  I^  ia  fherefom  small:  it  is  moderately 

inflated,  mther  inequilateral  ;  the  ntnbo  is  c^ibhoos  but  somewhat  depressed  and 
strongly  proeogy ric,  being  sitosted  in  the  anterior  third  of  the  length.  The 
pedal  region  is  short,  roonded,  the  aipbonal  ema  etongated  and  broadly  aeatuuinaML 

The  anterior  margin  is  rather  long  and  paaws  in  a  broad  carve  into  the  more  or  Icsa 
curved,  ventral  marsrin,  which  in  its  turn  passes  gradually  into  the  broadly  rounded 
posterior  margin  ;  the  cardinal  margin  is  broadly  oorred,  the  posterior  part  whioh 
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IB  lonj»er  than  the  anterior  one,  forming  a  rounded  off  angle  with  the  posterior 
margin,  while  the  sbortor  anterior  one  passes  gradually  into  tbe  aaterior  margia. 

Tbe  omaiDinitstfam  eonriiti  of  muBenMU  iioinMatria^  moce  or  Im  deeply 
engrared,  somewhat  irregular  stritc  ;  on  the  Aotwior  region  these  striee  are  nraoh 
deeper  and  moro  closely  set  than  on  the  posterior  region  ;  this  results  in  the  pro- 
duction of  bome  irregular,  flat  ribs  on  the  anterior  region,  vhich  become,  however, 
fwy  MMM  eilhoed. 

Tbe  hinge  iioomposed  M  foUov* 

a.  Itiffhl  rahe. 

As  only  the  left  valTe  is  ItiiOwii«  tlie  binge  of  the  right  valve  had  to  be  oon> 
stinioted  from  a  oait  of  tbftt  of  tin  left  ona^  ite  oompodtion  oaii,ihereloMi»ionly  be 
aaoertained  in  a  tort  of  general  my.. 

1.  Anterior  lateral  t«eth. 

Tliprc  arc  apparently  two  anterior  laterals  Lai  and.  11^  both  of  whieh  aio 
probably  small,  LolXl  almost  rudimentary. 

2.  Cardinal  t«ea. 

The  anterior  cardinal  C3a  was  probably  lamellar,  thin,  and  slightly  prosooline, 
having  a  slit-like  socket  on  its  posterior  (ventral)  side;  Cl  was  similar  in  shape 
to  the  fonneri  almost  parallel  to  it,  and  therefore  alightly  prosocline  ;  behind  it  is 
a  deep  MOket,  and  then  follows  a  large  strongly  prosooline  GSp,  of  whioh  it  is 
impossible  to  wy  whether  it  was  bifid  or  not ;  in  all  probaUlity  tiiis  wa%  however, 
tbe  case. 

8.  Foitalor  laiend  teeth« 

It  is  very  prob  iblo  that  there  existed  two  eloagatsb  bat  rudimentary  posterior 

laterals  Li>T  and  LpIII. 

b.  Left  valve. 

1.  Anterior  lateral  teeHi. 

There  is  a  strong  vcntm-'lnrs  dly  comproMOd,  traosversoly-elongate,  anterior 
lateral  Lall  which  is  so  strongly  opiftthooline  that  it  liee  almost  horisontal ;  on 
its  dorsal  side  is  a  deep  socket. 

2.  Cardinal  teeth. 

The  anterior  cardinal  tooth  C2a  is  very  thin,  lamellar,  stronijly  prosooline, 
with  a  def^p  socket  at  either  side;  its  apex  is  joined  to  C2p ;  tbia  tooth  is  very 
lUong  and  braad  at  the  haaoi  attennaisd  towards  flie  apex,  strotis^ly  prvraocline, 
fanning  with  02a  a  A  Hhapod  unsymmetrical  t:)i)th,  the  apex  of  which  is  strongly 
drawn  in  anterior  direction.  Behind  it  is  a  dee[i  broad  socket,  and  tiion  follows 
the  lamellar,  elongate  and  strongly  curved  and  prosocline  C-iip,  which  is  almost 
amalgamated  to  the  llganental  nymphe. 

3.  Posterior  Internl  teeth. 

There  is  a  rudimentary  elongate,  curved  and  prosooline  posterior  lataial  Lall, 
having  a  shallow  sookoi  on  its  ventral  side. 
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Vhs  binge  fomola  la,  HmeSmtt  m  foUoirt  r~ 

Rit'ht  valvo  T/i.  (Ill)  :   IlC.  8a    :    1   :  3p    :    Lp.  (Ill)  :  (I). 
Left  valve    U.        II   :  |  C,   :   2a  :    2p  :    lp   Lp.  (II) 

LigaincDtal  groove  long.  Fallial  impressioa  aad  muscular  scars  act  soea. 
Lunula  large,  bat  ill<delliied  by  a  wtj  Indiitiiiot  Vaub,  oraammted  with  ooooantEio 
■trio)  only. 

Oeologieal  accurrenoe.-— 

Zone  of  MffMu*  nieobarietUt  Siagn. 

Zone  <tf  Paraepatkut  taeniUiu,  Yenangyat 

Zone  of  Area  iheobaldi,  Kama. 

Zone  of  ParalMipipedum  prototortuoautat  Iwama. 

Zone  of  PholM  ertenfaMf,  Tbayetmyo. 

Zooe  of  Arieia  hmeronit  Tbayetmyo. 

Semarkt. — I  have  beshated  for  a  long  time  whether  this  spedee  ■hoold  not  be 

considered  as  a  Tarioty  of  Cy/A*r«i  erycina  only;  after  a  cnrefnl  fxamination  I 
think,  howcveft  tliat  its  features  are  saoh  as  to  jostify  a  specific  separation.  Except 
Qfiherem  ery^iita,  it  is  lai^er  tban  any  otbei  i|weiee;  a  bioadly  lODoded,  only 
slightly  accuminatod  posteriijr  sido,  as  veil  M  a  xatbeff  inegnlir  omanMatation, 

leadily  distinsjuish  it  froui  till  t'ho  others. 

The  type  of  Dione  amygdaloidet  seems  to  be  extinct  among  the  faona  of  the 
lodiaa  Ooeea. 

BlOMB  DVSIOeA,'  NoetUng,  PL  XIII,  fig.  11,  a*tf. 

T«L  zxni,  pt  1.  n.  I.  *«■. 
UsAnauiBim. 

mm.  .  n^eaii.  .  MOMb  .  i« 

Although  tide  epeaee  ii  pretty  common,  it  is  rarely  that  it  Is  so  well  preserved 
that  reliable  measurements  can  Le  tal<ei!  ;  oTily  ono  specimen  which  had  both 
Taivee  united  allowed  of  oorrcct  measuring,  but  to  judge  from  the  other  specimens 
tbe  die  of  tbe  abell  did  not  gnatty  eaeeed  tbe  above  leogUi  of  SS*?  nm. 

The  shell  is  triangular  in  shape,  and  as  the  height  nearly  equals  the  length  the 
index  LyU  is  very  small ;  it  is  not  very  inequilateral,  and  slightly  inflated.  Tho 
umbo  is  pointed,  gibbous  and  strongly  prosogyric,  situated  slightly  in  front  of 
the  middle  line.  Tho  pedal  region  is  short,  sotnewhat  produced,  manded;  the 
siphonal  r^ioa  is  broadly  aeonmiaated,  and  perliapt  a  little  eliorier  than  the 
anterior  one. 

*     •  tniipriBt  tbi*  wiaa  h«i  Um  qptOsd  "  lUbia  "  in  mj  fotrnw  mciBair. 
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The  auterior  margin  forms  with  the  Tontral  margin  a  broad  curTe,  which  in 
its  tura  forms  a  rounded  oti  angle  with  ihe  sliori  posterior  margin.  The  cardinal 
muginii  trngnHtoAf  brokrai  botli  pirti  Mag  nearly  of  theMma  length;  the 
posterior  part,  which  is  slightly  convex  and  strongly  inclinotl  in  ventral  direction, 
passes  gradually  into  tlie  posterior  margin,  while  the  straight  anterior  part,  which  is 
equally  strongly  inclined  in  ventral  direction,  passea  gradually  into  the  anterior 
margin. 

The  lunula  is  lar^o,  but  vrry  ill-defined  by  a  fine,  hardly  perceptible  Una; 
except  some  strong  strise  of  growth  it  is  devoid  of  any  ornamentation. 

The  emamentatlon  ooaiiati  ef  nnmeioaa  eonoeniri^  loniewbat  inregolar  iQie, 
separated  by  deep  interstices  of  the  same  breadth  as  the  ribs ;  their  strength  ie 
about  such,  that  there  are  2  ribs  and  1  interstioo  to  1  mm.  in  height  near  the 
ventral  margin.  At  the  umbonal  region  the  ribs  are  fine  and  regular,  but  they 
become  Tery  soon  wimeirhat  irregular,  inaamnoh  as  towards  their  posterior  end 
thf^y  bifurcate  into  t^^o  thin  hrnnchcs,  betwpi'n  which  sometimes  another  thin  rib 
is  intercalated ;  this  feature  increases  with  the  size  af  tbe  shell  in  such  a  way  that 
the  point  of  hifowsattoii  movea  anteriorly ;  the  postero-ventnl  portion  is  therefore 
oofvered  with  numerous  fine,  very  closely  set,  though  somewhat  irregular  con> 
©ontrie  ribs,  while  anteriorly  the  original  ribs  are  still  well  marked,  though  in- 
terspersed with  liner  ones  ;  on  reaching  tbe  lunula  all  ribs  suddenly  terminate. 
Xntenal  fcatuiee  w  hinge  not  obserred. 

Zone  of  Taracyalhm  caeruletu,  Yenangyat. 

Zone  of  Dione  dubiosa,  Yennntryat. 

Bemarkt. — The  species  is  very  common  at  Yenangyat  where  it  covers  the 
layers  of  a  hard  qnsrtiitio  saadatone,  the  "  signal  bill  standstona  **  wbiah  foms 
bare  a  conspicuous  bed  in  the  sequence  of  the  strata.  Tbe  spednwns  am,  however, 
mostly  broken  and  in  fragments,  complete  s[MK!imens  bein^  rare. 

I  originally  described  this  species  as  Attarte  (?)  dubioaa  from  Yenangyat,  but 
as  the  ezaminatioo  of  the  hinge  of  related  speeies  has  proved  that  my  Tiew  of  the 
generic  position  of  this  species  was  wrong,  1  hasten  to  leetify  it. 

Dione  dubioUM  is  easily  distinguished  by  its  triangular  shripo,  the  pointed 
vmhos  and  its  coarse,  irregular  ornamentation ;  in  the  latter  regard  it  resembles 
somewhat  to  JDione  arrdtiMi«its<«,  but  this  tpadm  is  essily  diitingaished  by  its 
obliqnely  triangular  sliape,  tlio  umbos  being  strongly  produced  anteriorly,  while 
tbsy  are  median  in  Dione  dubiota ;  JJione  proiolUacina  is  easily  distinguished 
by  its  more  elongate  shape  and  by  its  finer  senlptme. 

DUnt  protophUippiuarmm  has  a  mon  orbionlar  shape  and  a  mneh  finar  and 
more  elongate  regular  ornamentation. 

^o  living  relative  of  this  spaies  could  be  discovered,  and  it  probably 
vepiesants  a  type  irbidi  Is  extinet  at  jneacnt  among  the  fauna  «f  tba  Indian 
Oocaa. 
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TIm  shell  does  not  •ttain  ft  Iwg*  liiQ,  but  it  is  rerf  TnUble  in  il»pe^  ohaoging 
Imn  MmIj  obicalar  apadmBna,  haTini;  as  small  an  index  aa  1*06  (o  tnoBfCMty 

elongate  or  oval  specimens  with  an  index  of  1'36.  If  these  two  extremes  are  con- 
aidered  alone,  it  is  hardly  conceivable  that  spedmens  so  widelj  different  in  shape 
•hodld  bdoag  to  one  nnd  the  Mtme  ^edes.  If,  howefer,tbe  two  Tariotieii  tbote  of 
n  low  and  tboae  of  a  high  index,  are  separated,  it  will  he  seen  that  in  both  groups 
there  are  specimens  from  vhich  it  is  difficult  to  say  to  whioh  gioap  thej  alioald 
be  referred  to,  as  they  are  in  fact  intermediate  between  both. 

Ihoagh  the  enttll  namlMr  of  aiMdmcno,  26  nKogetliev,  wUeh  eoold  be 
measured  with  acxiuraey  seem  hardly  sufficient  for  the  study  of  variation,  it  wiD  be 
well  to  have  them  amnged  aooordisg  to  the  index  I/H.  This  will  give  fbe 
following  table:— 

lodei  .  IM   1-at  Ml  Vm  Mo   1  11   113   118  114  118  1 1«  117   MB  118  I  SO 

Number  o(  •pMioMoa  .      1    1       8       1      8     ...       1      9      S      1     ...  4 

lodn  .  181  188  1-88  1^  188  1-26  1-87  I'M  I'M  MO  1«1  I'M  Mt  I'M  1 35 

Jigab««t«fMiiHM  •     1      S  1      1     u.      1  M>  •■•      !...>..  1 

2b1U  •  «  •        ...     M8        CM         ...         •■•         tm  ..a         ..4         **»         ...  M* 

HoQi^r  °^  ipfcitncns  .     ...       X  ...      •.■      ■•*      ...  ...   

In  the  above  table  tbe  oliain  is  nearly  oninterrapted  between  the  indices  1*10 
and  l'S7(  bnt  I  hardly  doubt  that  the  mnaining  gaps  win  be  filled  up  if  toon 
material  comes  to  be  examined.  From  the  abofe  figures  we  may  conclude  that  the 
amplitude  of  Tariation  IB  xathoT  ft  laigo  ooo;  the  fononlft  should,  therefore,  be 
written  as  follows  ;— 

laa 
M(.8L  I 

The  above  figures  exhibit  a  characteristic  feature.  If  we  consider  for  a  moownfc 
•U  the  ajpecimena  having  an  index  1*06  to  1*18,  thnt  is  to  aoji  all  the  more 

ts 
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orbicular  vaiieties,  we  fiad  that  the  maibematioal  arerage  is  1'12,  the  oaloulated 
one  1*18;  aronnd  thcte  tiro  indleM,  tlwt  ii  to  ny,  betweoa  I'lO  md  1-18,  wre  7 
or  50%  of  the  miinbef  to  Iw  foands  bat  if  we  take  the  total  of  all  specimens 
wc  find  that  tlie  average  index  is  1'21 ;  nsrain  we  notice  that  6  apeoimens  or  more 
than  25%  of  the  total  are  gathered  around  the  indioM  1*20  to  I'ii,  while  ezaotly 
tiie  MOW  nnmbw  ii  gafbend  Mircan  iadioM  Til  and  1*18. 

If  from  tho  scanty  material  any  conclusions  may  bp  drawn  th^y  would  show 
that  the  curve  of  variation  shows  two  bulgiogs,  one  at  1*18  and  another  at  1*20. 
Uw  latter  being  nearly  the  average  of  the  total  number  |fiOTH  the  mlo  ^t  far  tbe 
gfOttett  annber  of  ipeoiiiiena  ibow  the  avenge  index  I^H,  and  that  therefore 
net  withstanding  the  wide  difference  in  shape  between  var.  106  and  var.  1-36  it  is 
imposaible  to  keep  them  aeparate.  On  the  other  hand  it  ia  quite  obvious  that  the 
orbienlar  varietke  sbow  the  tendency  oC  developing  a  large  number  of  var.  1*11  to 
1*13  whioh  might  eventually  lead  to  the  evolution  of  a  newspeoies. 

It  will  be  well  to  desoriba  two  typical  apeoimeDB  oC  both  varieUaa  sepantely 
with  regard  to  tbeir  shape. 

i't» 

a.  Par.  orbiculitrit,  var.  14  |  ; 

I'M 

a  specimen  which  has  the  index  I'll,  is  almost  dronlar  in  shape,  and  rather 
etioogly  inflated;  tbe  nmbo  fa  tumid,  but  low,  atrangly  curved  antwlorly,  and 
lltliated  in  front  of  the  middle  lino  ;  the  pedal  region  is  short,  rounded,  the  siplional 
one  about  tbe  same  length,  indintini^tly  truncated.  Tbe  anterior  part  of  the 
oardinal  mnrfin,  the  anterior  margin  and  the  ventral  margin  form  a  broad  curve, 
irbich  passes  gradually  into  the  abort,  aUghtly  oonvei  poatecior  margin ;  the  latter 
lonna  wiih  the  long  poaterior  part  of  the  oardinal  margin  an  obtoM  a&gle. 

h.  Fbr.  aloa^to,  var.  17  [  ; 
a  apeoimen  which  has  an  index  of  1-2 1,  is  triangularly  oval  in  shape,  strongly 
inflated  ;  the  umbo  is  tumid,  but  low  and  strongly  curved  forwards,  situated  rather  in 
front  of  the  middle  Kno  ;  the  pedal  Tfrgton  k  ahott,  Toanded,  tbe  afphbnal  one 
dODgated  and  aUghtly  aocuminated.  Tbe  anterior  part  of  the  cardinal  marpin 
passes  gradually  into  the  broadly  rounded  anterior  margin,  which  in  its  turn 
gradually  passea  into  tbe  eUghtly  curved  ventral  margin.  The  posterior  margin 
ia  short,  and  forma  an  obtnae  angle  with  tbe  Umg  TaBtaUy  incUaad  poaterior 
tion  of  tbe  cardinal  margin.  Cardinal  margin  long,  strongly  curved. 
The  lonula  IB  la^  not  oonoave,  and  well  defined  by  a  deeply  engraved  sharp 


The  ornamentation  eomibta  <^  uvmeroaa  very  fine  concentric  ribs,  which  are 
lepaxated  by  linear,  sharp  interstices ;  there  are  about  3  ribs  and  4  inters  tlc<!8  to 
1  mm.  in  height  near  the  ventral  margin ;  some  of  the  ribs  die  out  in  anterior  and 
posterior  direction.  wifltoB*  ntobing  tho  matgio ;  thaw  i%  iMMOTar,  appareiftly  na 
rule  in  this  regard. 

The  hinge  is  oompoied  aa  fpUowa  ^» 

a.  liigfit  nulre. 

1.  Anterior  lateral  teeUu  . 
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The  anterior  laterali  are  yerj  reduced  in  size  ;  they  are  on  cither  side  of  a 
deep,  tranvsersely  elongate  socket ;  the  ventral  one,  Lai,  being  the  larger,  the 
doisal  one,  Lalll,  mneh  uukUar  and  qIow  to  tlie  anterior  maigin. 

S.  Cardinal  teeth. 

The  anterior  cardinal  tooth  CSa  is  thin,  lamellar,  rather  longer  than  CI  and 
slightly  i)rx)80cline  ;  it  is  separated  by  a  thin  slit-like  socket  on  its  posterio-(Tontrul) 
aide  from  a  BmaUari  thin  lamdlar  01,  wldaih  ia  faab  penepttbly  pmooUiw ;  on 
ita  dorsii!  si  ie  ia  A  broad  and  deep  socket  lichind  which  there  is  a  strong  post<Tior 
oacdinal  C3() ;  it  is  broad  at  its  base,  attenuated  tovarda  the  apex,  strongly 
pnwodine,  the  apox  jnii  toneUng  02a,  and  dacplf  Ufld ;  •  daap  farrow  aepaiataa 
it  ftoom  the  strong  ligamental  nympba. 
Posterior  lateral  teeth. 

There  are  two  thin  elongate  prosooiiao  posterior  laterals  Lpl  and  LpUl 
Mpwated  by  a  long  aBt-Uka  utiu/k. 

b.  Zejl  calve. 

1.  Anterior  lateral  teeth. 

There  is  only  one  anterior  lateral  Lall,  which  ia  slightly  opisthocline  and 
akaoat  horiaootat  s  ttiaatnmg,  Ugb^taoBfaneljaloiigatai  bftfing  a  deep  aodcet 

on  its  dorsal  side. 

2.  Cardinal  teeth. 

Ibe  antarior  cardinal  02a  ia  thin,  lamelbr  aand  slightly  prosocline,  having  on 
fliOiar tide* deep  aooket ;  ita  apex  is  joined  to  C2p,  which  is  broad  at  the  base, 
attcnunited  towards  the  apex,  and  so  strongly  prosocline  that  it  lies  almost 
horizontally  i  together  with  C2a  it  forms  an  unsymmotrical  shaped  tooth,  the 
apex  otwbiob  ia  slightly  anteiioily  prodnoed.  Ontbedgnalaideof  OSpiaadeep, 
bfood  aoelcet  and  behind  It,  almost  entirely  amalgamated  to  the  ligameatal 
nymphe,  an  elongate  lamellar  tooth  OAp»  wbioh  ia  curved  and  atnmglj  [paaodine. 

S.  Foeterior  lateral  teeth. 

There  ia  mity  m  rodineiiluj  ekmgala  poetedor  htend  I«  II  bftvi^  a  diallov 

■ooket  on  ita  ventral  side. 

The  hinge  formula  iis,  therefore,  as  follows  : 

Bisbt  valve  La.  (Ill):  1 1 C.  8a  :   1    :  3p    :|Lp.  (Ill)  :  (I). 
Leikndv*  U.    s  U    1 0.  :  2ft  :  2p  t  dp  |l<p.      (ja)  t 

Oeelof  leal  •eMM'veMAi^ 

Zone  of  MfHlta  mcobarictu,  Singn. 
Zone  oC  M»towtrdia  metavulgari$,  Singu. 
Zone  ni  CmHeMartu  morf Maaa,  MiDbu. 
;  SEone  ol  Ptu^aikut  caervleutt  Yeoangjal. 

Zone  of  Area  theobaldi,  Kama. 
Zone  of  FaralleUpipedum  pretotortuotum,  Kama. 
SSmie  of  PAolM  oriealo/ia,  Tfaayebnyo. 
Zone  of  Aricia  humerota,  Thayetmyo, 
Zone  of  Cffh0rM  ergma,  Piome. 

taS 
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Semarkt. — Notwithatandiog  its  variable  abape,  tbU  species  is  easily  disUn* 
gniriieil  frann  all  the  ottien  iti  Him,  tbnwI-Hte  libi^  whieh  wnt  attain  tbe 
ooaneneas  of  tboae  of  anj  other  speoles. 

Dione  protophilippinarum  is  one  of  the  most  common  species  in  the  Miooono 
of  Burma  ;  it  ranges  from  tbe  deepest  strata  to  almost  the  top  of  tbe  series,  and 
■pedmana  firom  the  tone  of  FmfmUtUfiptimn  pr«MoHimtm  aie  iindktiiiitviahahle 
from  those  of  the  zone  of  JUeiocardib  metavulgari: 

Among  tba  liriog  speoie%  Diome  philippinarmmt  Hani.,  from  the  Andnmana 
seems  its  nearait  Mhtlve ;  the  liriag  ■peeimen  I  here  under  examination  haa  m 
index  of  1*16,  and  it  nMmUes  in  shape  exaetly  to  foasil  apecimeos  of  the  lasie 
index  ;  the  only  difference  consists  in  the  stronger  ribs  of  the  Dione  j  hilippinarum, 
but  thia  featoro  would  be  quite  in  consistence  with  the  similar  feature  noticed  in 
otliar  ^einmena.  It  aaema  to  me  thenfova  nnqneitionftblB  that  thia  qieoiea  ia  th» 
diVMt  dawendant  of  Dfeae  ffnIepWippimarwm, 


4  Oenna:  TAPES,  Megeile^ 

•Sixm  vsOfOUBATA,  apeo.  nov.»  Fl.  XII^  llga.  19.  Uoi  18, 18«h 

Ibasmawaam 

iMgtb.  Bn«1it.  t/H. 
<•)  9i«bt  *flM  .  H-«Mlt.  .  )9.mm.  .  UJ 
(»}Uflnln    .  a»«  .     .  »■•  ,  .Ml 

TheahelliatMiwfarM^elongale^  alUptioa],  the  length  exeeedinff  the  height 

oonsiderably,  the  index  L/FI  being  therefore  high  ;  it  is  ineqnUateral,  and  moder- 
ately inflated.  Tbe  umbo  is  low,  depressed  slightly  in  front  of  the  middle,  prnso. 
gyrio.  Tbe  pedal  legion  ia  elongate,  a  Uttie  aoouminated;  the  siphooal  region 
longer th«a the taloiior  one^  pradnoed  and  aeeaminated.  Ihe anteridraurgbi  ia 
rounded  rather  long  ;  the  ventral  margin  is  nearly  straight,  strongly  turned  in  dorsal 
direction  at  its  anterior  end ;  tbe  poaterior  margin  is  short,  oonTex,  forming  an 
obtnae  angle  with  both  TOntral  and  oaidinal  margin.-  The  oaidinal  margin  is  very 
loogi  angularly  broken  ;  the  anterior,  portion  is  the  shorter,  and  sliglitly  oonflaTe  } 
the  posterior  is  long,  straight,  and  strongly  inclined  in  ventral  direction. 

An  obtuse,  indistinct  keel  runs  fron^  the  un^bo  towards  the  posterior  corner, 
behind  which  the  anifhoe  ia  atrongi/ inoUiied.  Thelunplaia  apparently  long,  but 
narrow  and  ill-defined. 

The  ornamentation  consists  of  numerous,  strong  ooncentrio  ribe,  separated  by 
deep  furrow-like  interstices.  The  riba  are  very  regular,  flatly  rounded,  and  cover 
^  whole  Borfaee  nnifonnly,  taldog  »  ahaip  donal  tun  after  eroaiing  the  piataiof 
)c0ol.    The  interstices  are  sligbtlj  aaxpower  flwi  the  tihat deeply  OOoaaTti 

Qfiological  eeeurrenee. — 

liori^n  nnlaK»vii*  lliiM«Be,  Thayetm/o, 
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BMorftt.— Ito  Uffb  iodet,  th«t  is  to  nj,  its  rery  dtmgato  thtpe  togeiliHr  wUh 

"Uie  strong  conocntrin  ribs  readily  distinguish  this  species. 

Only  two  casts  hare  oome  uader  examination,  and  their  generic  position  might 
peiliaps  be  questioned,  inasmnoh  ai  noiUng  b  known  about  the  bing^  and  as  an 
ornamentation,  as  described,  occurs  in  TttiOtts  genera.  I  have,  however,  judging 
from  ^bo  similadity  tbis  spooiss  beam  to  S«IM  speoiaB  bahmging  to  2VpM»  nfecrad  it 
to  this  genua. 

Fmn  eomparison  with  S^pM  Urata,  FbiL  ipeo.,  whiob  iahabils  Am  Indian 

Ocean  and  the  Eastern  Seas,  I  think  that  this  species  is  the  nearest  relative  to  the 
Miocene  speoimens,  and  having  a  larger  sise  and  coarser  ribs,  this  feature  would  be 
quite  in  concordance  with  the  obserration  made  in  other  species. 


Genus :  DOSINIA  SoopolL 
Soaima  twiotVYXKUM,  speo.  nor.,  PL  XIY,  figs.  1,  la,  2,  a-d. 

IfBSsnsnaTs. 

(a)  Right  (i)  hdi  rain. 

Lniph.  Tlright.  TliielinHi.  L/U-  Length.  Hfudt.  TbMoMi.  L/H. 

(1)   it  ,  (?)  mm.        mm.  ?  wul  1-08  (I)   17',  aim.  IB-,  mm.  f  IDS 

P)              »  IB-,   ,,  6-,    ..  l-OS  («    17-,  ,  „  '1*0* 

(8)   17,       „  18-,  ,.  4,   .  1-OJ  (S)   IS,  ..  11,   „  •  m 

W    »-f       «  ^>  ••  ^.    •■  !  »'  (*)   89".  •■  »*•  « 

The  shell  is  of  orbicular  shape,  It^ngth  and  height  being  nearly  the  same ;  the 
index  L/U  is  therefore  rery  small,  104  in  tke  avenge ;  it  is  nearly  equilateral  and 
taOer  flat.  The  ambo  Is  pdated,  strongly  praeogyiie  and  dftnatsd  In  ftont  of  the 
middle  lioc.  The  pedal  r^ion  is  short,  bat  broadly  rounded,  the  siphonal  one  short, 
broadly  accuminated.  Anterior,  ventral  and  posterior  margin  form  nearly  a  com- 
plete circle ;  the  cardinal  mai^in  is  angulariy  broken ;  the  shorter  aotetior  part, 
wbioh  is  slightly  ooaeaTe,  Ibnna  a  varj  obtuse  aofle  witli  the  anterior  nm^;  tbu 
lon?er.  slightly  count  posteiiw  put  tens  u  ahaip  obtuse  angle  with  the  posieiior 
margin. 

The  Innakt  is  thkj  naall,  oinetTSb  uidinU  ie6ned  by  a  sharp  deeply  engraved 

Use. 

The  ornamentation  consists  of  numerous  narrow,  flat,  concentric  ribs  which  are 
separated  by  deeply  engraved  linear  interstices,  there  being  about  fire  ribs  and  six 
intsestiees  to  Inun.  height  near  the  ventral  ntargiu.  On  the  aateiior  and  postsrioe 
xSgioQ  some  of  the  ribs  become  obsolete  and  die  out,  while  the  iwoainingonee  are 
raised  into  ^harp  lamellse,  separated  by  broad  interstioes. 

The  hinge  is  composed  as  follows 

a.  Sight  valve. 

X.  Anterior  lateral  teeth. 

Both  anterior  laterals  Lai  and  Lalll  are  of  the  same  size,  very  rudimentary, 
giannlar,  strongly  opisthoeliae  and  aepwated  by  a  shert  sbaUow  wdcet. 
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2.  Cardinal  teeth. 

The  auterior  cardinal  tooth  C3a  is  close  to  tlio  anterior  martrin,  thin,  lamellar 
•ad  ibrongly  opiiQioeline ;  it  is  separated  by  a  narrow  slit-like  socket  from  CI ; 
tidi  tooth  is  similar  in  shape  to  C8a,  bol  s  fitUe  tinaUOT  and  almoit  parallel  to  it ; 
on  its  posterior  side  is  a  docp  sooTc«?t  which  is  followed  llfaatRMig  flontjato,  hifid 
tooth,  curved  and  prosociine ;  behiod  it  is  a  zuurrow  fallow,  aeiMmtiog  it  from  the 
ligamaptal  »7mplie. 

S.  iFbaterior  kteral  teeth. 

There  are  two  thin  lamellar  posterior  latorals  LpT  and  LpIII,  a^MUeated  by 
rather  a  deep  socket ;  both  are  rather  long,  and  strongiy  prusooline. 
A.  X</lF«alM. 

No  left  vnlve  is  known,  but  from  an  impression  of  thahingaol  tha  light  v^ts 
its  general  composition  can  be  judged  with  great  aooaraqy. 

1.  Anterior  lateral  teeth. 

Thora  it  ooly  one  lateral  tooth  Lall  ckwe  to  tha  antnlar  margia ;  moat  pn>- 

bnbly  it  w.-is  vory  srti;il1,  but  still  stronc^cr  tban  the  teeth  of  fha  right  Vatvi^  Mill* 
pressed  in  dorso- ventral  direction,  and  opiathocline. 

2.  Caidisa]  teeth. 

The  anterior  cardinal  tooth  02a  mut-t  have  been  Tery  thin,  lamellar,  aad 
opistbocliiio,  having  a  deep  socket  on  cither  side  ;  it  is  very  probable  that  it  was 
joined  wiih  its  apex  to  C2p  ;  this  tooth  was  apparently  rather  strong,  broad  at  the 
bsNk  attenuated  towaida  the  apen,  and  atrongly  pmaoeUiie,  fonning  most  pioliahly 
a  A*lhaped  mujnmietrioal  tooth  with  C2a,  the  apex  of  which  was  not  anteriorly 
drawn  ;  on  tbo  dorsal  aide  of  C:ip  was  a  deep  socket,  and  behind  probably  a  thin, 
elongate  and  lamellar  C4p,  which  was  curved  and  strongly  proaooline,  rudimentary 
and  alBUMt  amalgamated  to  flie  ligamenteliijmplM. 

3.  Po?;t''rior  lateral  teeth. 

There  was  prolmbly  only  a  tdogle  posterkw  lateial  LpII  of  thin  elongate  abape, 
curved  and  strongly  pnMMline. 
This  hinge  linBaJa  ia  ihanfom-- 

Bight  Talva  La.  (m)  :  1 1  C.  Sa    :  1    :  3p  :     |  Lp.  (Ill)  :  (I). 
Left  valve  I«.       II    1 0.    :  2a  :  2p    :  (Ap)  |  Lp.  (II). 

The  li^mental  groove  is  long  and  deep.  Muscular  impressions  small,  iU» 
defined ;  palHal  einns  appafently  vmy  ahallow. 

Test  thin,  m(  asuri  iL'  0  95  mm.  Mid  nodoT  in  thlehnem. 

Oeological  occurrence. — 

Zone  of  Farallelipipedwn  prototcrtuosum,  Kama. 
£(nie  of  ArMa  humtroMh  Tbajetmyo. 
Zone  of  Cytherea  eryeina.  Promo. 
Jtemarlci.—lt^  its  shape  JDoiinia  protojuveniUt  rcsombles  somewhat  to  Bione 
dM'Mo,  but  aoomparison  of  both  species  shows  that,  in  the  first  speuiets,  the  veutro> 
pcetarior  maigin  enma  mnoh  moN  in  doMd  dhwetion  than  in  the  latter ;  in  J>ien« 
tfaiiDeatha  poaterioa  partottiia  eaidinal  nmigiait  flMrafon  mnoh  longer,  nd 
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reaches  further  down  than  in.  Dotinia  protojuBeMU.  Ibe  umbo  of  this  species  is 
alio  mneh  noM  anteiioilj  eorred  tban  in  IHimt  dmUtttt  but  Iba  ehief  dtsUoguisbing 
feature  is  the  difference  of  the  ornameDtation.    In  JDume  tbtOoM  theie  aM  strong 

rounded  concentric  ribs,  separated  by  broad  interstices,  in  DoHnii  protojuvemlis 
we  have  fine  fiat  ribSj  separated  by  linear  interstices,  and  raised  into  sharp  lamelln 
at  Vba  anterior  and  posterior  end»  a  featmv  uliloh  is  not  developed  in  any  other 
epeoieSf  thus  forming  a  good  oharaoter,  by  which  it  may  be  discerned  from  the  otben. 

There  are  two  living  spi  cier,  Bosinia  j'uvmilit  and  Dotiuia  laminnta,  both 
living  at  the  Philippine  Islaads,  wbicli  can  be  compared  to  the  j&lioceae  species;  in 
faet  it  Nems  to  me  veiy  difllealt  to  giT«  a  daAatteo^aiMi  wbieh  of  time  two  it  dosor 
sdatad  to  the  foMil  oneb  without  having  specimens  for  oomparisoo.  Up  jud^ft  fkoin 
the  desoriptioB  Dotjnia  juvenili$  seems  to  attain  a  larger  size  and  has  a  more  massive 
shell  than  the  Miocene  species ;  this  feature  would  be  quite  in  harmony  with  the 
obeervations  made  in  other  epedea ;  on  the  other  lhad»  JOttUia  towiaato  \tem  snob  a 
strong  resomblanco  with  regard  to  the  shape  of  the  shell  and  the  characters  of  the 
ornamentation  that  it  is  difficult  to  express  the  notion  that  it  is  the  dosest  zalativa 
to  the  Uioeene  epeoieei 

I  think  it  therefore  better  to  describe  it  under  a  new  name,  rememhering  always 
that  Dofinia  juvenilis  is,  if  not  identical,  most  probably  its  direct  descendant. 

J)Q$inia  j/rotojuvenUU  apparently  represents  a  type  whioh  is  extinot  among  the 
pieMnt  fauna  of  the  ladian  Oeaao. 

Family:  TElLlNin.'E,  Stoliczka. 

L  Genus:  TELLINA,  lua/L 

The  genus  7'^'f?(na  comprises  such  a  large  number  of  widf^ly  difForont  specios 
that  its  subdivision  has  been  a  long  fdt  aeoessity.  The  rarious  suli-genera  adopted 
by  zoologists  may  be  very  nsefol  when  dealing  with  the  Uring  species,  but  when 
it  oomes  to  fossil  ones,  one  is  generally  at  a  loss  how  to  apply  thoee  names.  Bren 
If  the  hinge  is  well  preserved,  1  tbink  its  smnllnets  is  a  t;roat  drawback  against  the 
ezlubition  of  distinguishing  features.  It  would  certainly  be  very  useful  if  a  oritioal 
iitady  <rf  tiia  fciagea  of  living  and  Tertiary  IVMMto  would  come  fnrvard. 

On  the  following  pages  seven  speciet  Moaging  to  this  geniw  bavo  been 
described,  but  it  is  unquestionable  that  there  are  at  least  two  more  speoies  as  is 
indicated  by  fragments  whioh  are  too  ill'presenred  to  be  dobcribed,  but  whioh  oould 
■at  be  indvded  in  vxf  cf  the  determinated  spedea. 

These  seven  spocics  represent  at  least  five  sub-genera;  so  widely  do  they  diifor 
from  each  other  with  regard  to  the  obaraoters  of  the  shelL  Iliey  oan  beMaily 
diiti]igiiidi«d-ai  fdlowt'^ 

A.  8h«ll  iawjailatnmL 

EIidII  intMjuWslre. 

\'»tj  ine^uivalve,  coDlorted  with  a  ■troug  fold  on  tike  iiplinBal  r«gioa. 
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1.  T«//iM  (if<to)  ffimui,  tpM.  mt. 
aU)  BljghtlriMqunKwilhoMapMlvigrMiahrilMfcMH. 

M  8htlltiumiMl7ml.i^L/BUeh. 

3.  7f/;>'«i2  ;)ni<oeraAfa^ifN.p«r. 
(bi)  8b«ll  truDgalur. 

4.  2UIhm  in4UfirtM,  tpM.  MV. 
B.  Shell  (li^liUy  inequiUtersl. 

(a)  8arft««  almost  satooth,  tlighlly  ttriAted. 

5.  rW/iM  {Piflhda)  foliaeea,  Saave. 
(t)  SarfMW  oo*«nd  with  ihMp  aoucsntrio  ribs. 

(aa)  Ribt  ruMd  ftad  ■hup  at  their  cxtnoutiM  oolj,  flst  b  flu  odddb. 

6.  TelUna  {Teilintlla)  mi,  SMtlia||k 
(^j  Bifai  niMd  Md  alwip  thronghoot. 

r.  r««jiw  (ftnfawAi)  fmdoAiui.  ipn.  mv. 

Oat  «f  ilMw  tenn  qMcfai  only  one,  1WMiMyWlMMi,BMf«»iiManljflal  wiiih 

ttwipeoies  of  the  same  name  inhabiting  tho  Indian  Ocean  ;  all  the  others  represent 
flOCHllot  tjrpes.  One  of  them,  Tellina  ffrimeai^  has  appaientlj  no  living  lelaUre,  but 
tmOB  to  liftTe  a  gmk  timilarity  with  IMIjua  tmiata.  Lam.,  ttum  the  Paris  Eooene. 
The  remaiaiDg  fire  specifls,  TelUita  proto»triatul»t  T^lUna  protoeomdida,  TdUut 
indiferens,  TeUina  hilli,  T«lUmptMdokiUi,m9lanljta»Mte 
at  prasemt  the  lia«t«m  Seaa. 


TuAOM.  (Ibm)  vsnoH,'  ipeo.  nor.,  n.  ZIT,  flp.    o-o^  6,  a-ft*  6,  a^ 

II  iMuiuiima 


length.     Htiitht.  L/H. 
(1)    SS-,  mta.         K  ? 
(8)  M  .  ,         87,  ItM 


LuKtiL      lUght.  L/tf. 

(1)  Mr,...  ar,»u  lit 


na  shell  la  IvaqolTaha,  tn^ynlailj  triangular  la  iliapa,  Terj  inequilateral 

although  height  and  length  do  not  mnoh  differ ;  moderately  inflated.  The  umbo 
is  pointed,  strongly  depressed,  and  prosogyric.  Pedal  region  broad,  ronnded ;  siphonal 
region  somewhat  contracted,  truncated.  The  anterior  part  of  the  cardinal  margin 
ia itaight  and ywioi gndaally iata the hrwdly  rtmnded antarioc margin,  triuidiuiti 
font  passes  gradually  into  the  obliqae  rentral  margin  ;  the  poiteiioir  maigiik  ie 
oblique,  deeply  sinoated  and  paasea  gradually  into  the  posterior  part  «t  the  cardinal 
margin,  while  it  forms  a  rounded  oomar  with  the  Tentral  margin.  Cardinal  margin 
of  tba  fight  Talve  strongly  ourred.  A  broad,  somewhat  flattened  fold  runs  from  tha 
1IIBlbO'towari1><  tlio  posterior  corner,  in  front  of  which  there  is  a  broad,  but  shallow 
depression,  while  a  narrow  and  deep  one  acoompaniea  it  on  the  posterior  side.  On 
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the  left  vilte  the  wemm  takei  phee,  tliat  ii  to  njtmbiMdaDd  deep  depreMbo  ram 

from  the  umbo  towards  tlip  posterior  corner,  which  is  nfcompanied  on  either  sirle 
by  a  strong  keel.  A  gaping  of  the  valros  is  thus  etfeotualij  prevented.   Tbeie  is 
no  hnralBt  btit  Um  anterior  ngioii  is  slightly  oonokTe  toward  the uinha  Tbeie  is- 
no  Qtnamentation,  ezoept  namerous  fint^  oonoaotlle  atrue  of  growth,  wbioh  am 
Tery  closely  set  and  of  which  finer  and  coarser  ones  alternate  irregularly. 

In  the  right  valve  there  are  two  small,  rudimentary  cardinal  teeth  just  below 
timnmbo^  sapwated  hy  aaooall  MHsfcet ;  imosedlatly  behind  the  posterior  tooth  foUowa 
the  partly  internal,  liganmntal  groove  ;  there  are  also  tw  o  rudimvntaiy  poeterhv 
laterals  with  a  shallow  aooket  between.  The  interpretation  of  the  binge  ia  not  eaqr* 
the  posterior  laterals  ia  the  right  ralve  are  unquestionably  Lpl  and  III,  the  two 
eardinal  might  be  considered  asCSa  and  C3p  ;  this  would  oomqnnd  to  CSftfn 
the  left  TalfO ;  the  hinge  formula  would  therefore  be — 

Bigbt  valve  La.  O.jC.Sa:  1  i  Lp.  I  :  III. 
left  talve  La.  O.  |  0.    2a   1 IL 

HoMnlar  sean  rwy  indlstinet*  bat  the  anterior  wy  hkg ;  pelllal  imprearion 
an  marked. 

Test  very  delicate,  varying  from  O'oS  to  0*75  mm.  in  thickaess  ;  owing  to  thisi 
thin  test^  oonoentrie  irragndar  wrinkka  and  folds  marWng  different  stages  of  growth 
are  always  well  marked  on  easti. 

Qtological  uccurrence. — 

Zone  of  Mgtiiu$  nicobaricui,  Stngu. 

Zone  of  MHooardim  mtttnuljariD,  Singu. 

Zone  of  Area  theobaldi,  Kama. 

Zone  of  Parallelipipfi'Jum  protntortuoium,  Kft'tlli 

Zone  of  Fholat  ortentalit,  Tlmyetmyo. 

Zone  of  JrM»  ikmMrow,  lhayetmyiib 

Zona  of  CflAerM  efyeieo*  PMnneb 

Semark$. — This  species  is  easily  recognizable  by  the  irregular,  curionsly  dii" 
tortfd  ih^^e  and  t\ui  brond  folil^*  on  the  posterior  region ;  Irath  featOKS  aio  10 
cbaraoteriKtic,  that  even  fragments  are  easily  recognized. 

No  similar  speeise  has  hitherto  been  deeeribed  either  from  Indb  or  Java,  bnt 
fitomKia-s'  Boettger  has  described  under  the  name  of  TelUna  (Melii)  niatetuit,  a 
species  the  general  shape  of  which  marks  it  a  relative  of  Tellina  (Melit)  grimeH. 
The  Sumatran  species  are,  howerer,  very  ill-preserved,  and  I  wonld  hesitate  to 
ezpress  aueh  a  delidto  oj^nion  with  regard  to  generio  poaitioa  and  relatives  as 
Boetfger  does,  because  he  has  noticed  neither  the  hingp  nor  the  pallial  impn>isioii ; 
it  seems  to  me  that  under  these  circumstances  the  position  attributed  to  these 
ratbor  fragmentary  speoimens  is  not  so  absolutely  oeittin. 

With  regard  to  the  Burma  specimens  I  am  in  faet  nearly  in  the  same  donbt  as 
to  the  "TPneric  position  ;  although  the  specimens  are  so  well  preserred,  oertain  im- 
poitaut  features  could  not  be  observed  with  the  desirable  oorreotness ;  none  of 
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the  specimens  undnr  examination  show  the  pallial  improssion  well  marked  ;  if 
I  correctly  interpret  the  traces  left  by  one  of  the  casts  from  the  zone  of  Meioeardia 
mttm9wtff«riB,  the  paUi«l  line  warn  deeply  ainuated,  Imt  it  ii  quite  possible  tbat 
tiieM  marks  are  only  an  accidental  conibiuutioQ  of  some  cracks  in  the  shell,  as 
none  of  the  others,  amongst  which  there  is  n  iinc  cast  from  Tenangrat,  exhibit  this 
feature.  Ihe  character  of  tbe  hinge  indicates  the  genus  Tetti»a,  and  although 
the  question  of  a  sfnuated  oe  entire  pallial  line  most  mnain  in  aboyanee^  tlie  other 
feeturew  are  in  favour  of  the  Ruppo8<»d  ftoneric  position. 

I  may,  however,  meution  that  there  are  certain  species  belonging  to  the  genus 
Ituoina  like  L.  timio$a.  Dun.,  and  others  which  have  a  eomewbat  similar  shell ;  as  the 
ohaiacters  of  the  hinge  would  no*  entirely  be  againtt  Mch  aa  MBunptioo,  tliii 
species  should  rank  among  the  XMinie  if  ito  pallial  impfMsioii  should  be  found  to 
be  entire  and  not  sinuated. 

ZlfUfiM  {Melii)  grimeti  repre.<%cnts  unquestionnbly  a  tvpo  ezttaet  aBMOg 
tbe  fauna  of  the  Indian  Ocean,  us  1  have  not  been  able  to  discover  any  similar 
speoies.  On  the  other  band  Tetlima  ainaato.  Lam.,  from  tbe  Eooene  of  Fans  ■semi 
a  very  close  relative. 


TttiiVA  Muynwtmiasir&A,  ^eo.  nor.,  Fl.  XT,  fl^B.  l,«*ftb  «-/> 

Stusvismna 

LiB«Ui.  EtifM.  VB. 
(I)  mauD..  M«BM..  1-M 
(8)  ass  »  .  19^  «  .  l-lt 

(si  iro  •  .  m  t,  .  itr 

The  shell  is  slightly  inequivalvc,  nearly  orbicular  in  shape,  the  lentrth  being 
still  slightly  in  excess  of  the  heisrht,  index  L  II  small  ;  it  is  Tory  flat  and  sub' 
equilateraL   The  umbo  is  low,  pointed,  situated  behind  the  middle  line. 

The  pedal  legion  is  broadly  rounded,  the  dplional  one  ooosidenbly  flhortor* 
accuminatcd.  The  ant^'rior  margin  is  rounded  andpMSW  gradually  into  the  Htroni,'ly 
convex,  ventral  margin  which  at  its  posterior  end  is  tumed  in  dorsal  direction, 
forming  a  sharp  angle  with  the  posterior  margin.  Tbe  cardinal  maigtn  i»  long, 
angularly  broken  ;  the  straight  anterior  portion  which  is  the  longer,  is  ventral^ 
inclined  and  passes  trradually  into  the  anterior  man^n  ;  the  shorter  posterior  portion 
which  is  also  veutrally  inclined,  forms  so  obtuse  an  angle  with  the  slightly  convex 
posterior  margin,  that  both  appear  fnlly  to  be  merged  into  eaoh  other. 

An  obtuse,  but  still  well  marked  keel  runs  from  the  umbo  tomide  the  pOBteriot 
QOrner,  the  snrfafe  <lr(ipi)iu?  slightly  behind  it. 

The  suriacu  appear!)  to  be  perfectly  smooth  ;  there  are  only  numerous,  very  tine 
eoneentrie  >tri«  of  growth,  vhioh  ate  otoased  by  ezoeedingly  fine  radiating  staAs 
whieh  are,  bowevrr,  uiily  riaible  thraogli  ■  magni^ing  lena  and  undn  ^TooiaUe 
eooditiiaoB  of  pteeervatioQ. 
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9o<>n  from  ahove  the  shell  appean  to  be  ^liirhtly  t^-i-^tod  ;  on  the  anterinr  side 
the  cardinal  margin  of  the  left  valra  it  llightly  bent  in  an  like  manner  overlapping 
to  the  right ;  on  the  potterior  nde  both  Ttiwm  tto  slightly  bent  to  the  light. 

GmI09<MI  ooeurrtnee.-^ 

Zone  of  ParalMipipedum  prolotm^MtWHh  Kama, 
Zone  of  Arcn  theobaldit  Kama. 

SMMTftf.— This  ipeaiea  ia  eaiify  dittingoiihed  by.  ita  flat,  oiUetilar  shell  h«viiig 
a  nphonal  region  whioh  is  shorter  than  the  pedal  one,  and  by  the  smootiiiiaaB  o( 
tile  snrfaoe  exhibiting  only  rery  delicate  radial  and  concentric  strisa. 

Profeasor  Martin  lias  described  several  species  from  Java,  whioh  seem  to  have  a 
dose  similarity  to  the  speeies  here  described;  nofortonately  the  figures  axe  not  rttj 
distinct  ones,  and  I  am  unable  to  say  whioliof  lioth,  IW/lnA  (AffOpMgU)  d^'Mflf 
Tellina  rotunda,  is  the  nearer  relative. 

Among  the  living  species,  TrlUno  tfriffMe,  Lam.,  whieh  inhabits  the  sea  <tf 
the  Philippine  Islands,  agrees  so  well  with  regard  to  shape  and  ornamentation  that 
I  foel  innlined  to  eonsider  it  as  identical  with  the  Miocene  species.  As,  however, 
Tellina  ttrtalula  appears  to  attain  a  larger  size,  and  as  its  ornamentation  is  a 
eoanar  one,  I  preferred  to  distingidah  the  Mioonse  qedea  by  a  neir  name,  keepi]^ 
in  mind  that  it  was  most  prohahly  tho  ancestor  of  the  living  one. 

It  is  very  pn)ba))le  that  Tellina  protoitriatul*  represents  a  type  extinet 
among  the  present  fauna  of  the  Indian  Ocean. 

Tiuna.  nmookimnik,  wpao.  nor.,  PL  XT.,  flgs.  i,  orb,  5»  a-h, 

VMmoMiaatn. 

Ldigtk.       Rrigiit.  L/H. 
Ulkidw  .aB«m.   .  IMm.   .  W 

Only  a  single  left  valve,  and  two  fragments  ot  the  nmbooal  part  of  a  left  and 
right  valve  have  oomo  under  examination. 

The  shell  ia  transven^  oval,  a  fitUe  triangidar  in  shape,  the  length  being 
gfeati.]r  in  exoesa  of  the  height,  and  tbe  index  therefore  oomparativoly  high,  it  ii 
rather  flat  and  Toy  inequilateral.  Ihe  mnbo  ia  knr,  depreesed,  situated  behind  the 
middle  line. 

The  pedal  «egi<m  is  very  eloi^to,  slightly  aoouminated ;  the  aipiuiBal  legion 

much  shorter,  accnminated  and  truncated. 

The  anterior  margin  is  short,  rounded,  passine  ^mdunlly  into  the  loner  strait^ht 
ventral  margin  ;  the  posterior  margin  is  short,  almost  straight,  forming  an  obtuse 
angle  irith  boih  vwitnl  and  eaidinal  margin.  The  eaidinal  margin  is  angularly 
broken,  both  portions  forming  a  very  olifn-n-  anirle  ;  the  lonc^er  anterior  portion  is 
siraii»ht,  slightly  ventrally  inclined,  passing  gradually  into  the  anterior  margin ;  the 
pusttiriur  portion,  whioh  is  a  litUa  ahortsr,  is  strongly  ventrally  inclined,  forming  an 
obtuse  an^  the  oomer  of  whioh  is  rounded  od,  with  the  posterior  wnngin. 

The  onamentatian  oooasts  of  nmnecoas,  finob  deeply  engmred  oooMntric  lines, 
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•epwating  narrow  &&t  strips,  or  banda,  which,  though  being  homologoos  to  ribs,  ooald 
not  well  bedflsoribfld  Tinder  thia  term. 

In  the  ri<;bt  valve  there  is  a  strong  though  short  bifid  tooth  underneath  the 
umbo  representing  CI,  havinsf  on  either  side  a  deep  triangular  socket;  on  the 
dorsal  side  of  the  anterior  socket  there  is  a  small  oblique  tooth  C3a ;  the  laterals 
He  tpfwimtty  rndiswntaiy ;  IaI  is  ekngate,  hKring  m  dee|»  kog  aodciet  on  its 
donal  side  ;  LpT  not  observed  but  apparently  pri*<cii(. 

In  the  left  ralre  there  is  a  iioe  biiid  anterior  tooth  representing  C2a,  having 
a  socket  on  dttier  ule;  on  the  donsi  side  of  the  postenorsookBt than  isa  fmy  Han. 
oblique  tooth  03p.  The  latenb  are  lour,  elongated.  The  hii^  foimula  would 
therafocebe^ 

Ei^ht  valTc    T.a.     :    I    j  C.    3a     :     1     :     i  Lp.  I  : 

Left  vulve      La.    II       !  C.     :      2a  :     2p    |  Lp.  II 

Pallial  improarion  and  muscular  scars  not  observed.  lest  thin,  measuring 
0*82  mm.  and  wider  in  thieknese. 


Oettogieat  oceumnet. — 

Zone  of  PerelI«tfp{p«lMi  pnMoriuomuih  Kama. 

Tiemark*. — ^The  general  shape  ot  the  shell,  having  an  extr.->nielr  Ion?  pedal 
and  a  comparatively  short  siphonal  region,  together  with  the  fine  concentric  striie 
readily  distinguish  this  speeiee. 

With  leganlto  the  eonti«Bt  in  the  nlatiTe  siie  of  the  pedal  and  siphmal  le^om 
it  might  be  comp.irrvlto  Tellina  proto$fria(ula,  hut  this  species  i.s  easily  distinguished 
by  its  orbicular  s^hs^ye ;  it  may  also  be  said  that  the  difference  in  the  size  of  siphonal 
and  pedal  re^on  olfen  the  greatest  eontnut  obserred  in  anj  of  the  spedee  heve 
deieribed,  Tfllinn  {2Irlis)  griinen  p<;rha|w  excepted. 

Tdlinn  indifferent  wliieli  miijbt  at  the  first  glance  bear  some  relationship,  is 
easily  distinguished  by  its  triangular  shape,  hiring  the  umbo  nearly  terminal  and 
ihcnfove  an  eztiemflly  short  pedal  and  an  elongate  dphonal  vegloa,  ^1e  nearly 
the  opposite  takes  place  in  TfUina  protoeandida. 

Amnn?  the  living  species  T«Uina  eandido,  Lam.,  from  the  Chinese  Seas  is 
unquestionably  the  nearest  relatire;  this  species  as  well  as  2V{tAi«  f^etoltoa  from 
the  same  region,  whidt  is  probably  only  a  variety,  exhibits  the  same  disproportion 
betTvc<m  pi^dal  and  siphonal  region ;  the  podal  region  i<  very  elongate,  rather  broad 
and  rounded  off  at  its  extfomity ;  the  siphonal  region  is  very  short,  and  the  posterior 
portion  ot  the  earSinal  nnagin  strongly  Tantrally  inclined,  the  ehief  differenoewhieh 
leandiscorer  between  Tittthio Candida  andthelCkwene  species,  judging  from BeeTo'a 
figure  only,  as  I  have  no  specinien.'i  for  comparison,  consists  in  the  anterior  portion 
of  the  cardinal  margin  being  nearly  parallel  to  the  ventral  margin  in  the  living, 
and  Tentially  inolinedin  the  fossil  speoies. 

Thongh  different,  it  is  highly  probable  that  Tellina  cnndidn  has  developed 
from  the  l^Iioceno  TflUna  profoeandida,  and  that  it  leptesents  a  type  extinct  among 
the  present  fauna  of  the  Indian  Ooean. 
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TuAiMA  vnxtFWEMMmt  spea  nor.,  FL  XT.,  flg.  8, 

L^i.K-lh.  Hngbt.  h/IL 

Li  ft » aim     .    Si  s  mm.      .    'i.S  i  mm.      .  1*46. 

There  is  only  an  isolated  left  valve  irhich  has  servud  for  the  dosoription ;  the 
«heIlii«iknga«efytriai«alaviEdiqpeflumg^  exoets  cC 

tli<  iiPiVht ;  the  index  L  H  is  fhenCon  oompuadrelj  mall;  it  is  nIBbm  insqidp 
lateral  and  moderately  flat. 

Thevmliovlor.bttt  pohtied  and  ritastod  so  fur  forvrarda  that  it  is  neazly 
terminal.  The  pedal  region  is  therefore  very  -  short,  though  rather  huoad,  tin 
dphonal  region  is  very  elongate^  broad  but  slightly  contractpd  to-wards  its  extrpmitv. 

The  anterior  margin  is  short,  rounded,  forming;  an  angle  with  the  long  straight 
ventral  mar^:  iiie  posterior  mar^  is  iNroadfy  xvunded,  paaaiog  gradually  into 
yentral  and  cardinal  margin ;  the  cardinal  margin  m  mUier  long,  angularly  broken, 
both  parts  forming  an  anglo  of  about  90°;  the  anterior  shorter  portion  is  straight, 
strongly  inclined  in  ventral  direction,  passing  gradually  into  the  anterior  margin ; 
tbe  posterior  longer  portion  is  sttaiglit,  modaralefy  inolined  in  Tantnil  fUveotian, 

|imi|ny  grai.lunllv  info  thn  post^-rior  mnrgin. 

'Iba  sxurt'ace  is  smooth  except  some  concentric  strite  of  growth. 

Tbe  hinge  ooorists  of  a  small,  deeply  biffil  anterior  tooth,  G2a,  aeparatad  l^^ 
a. deep  socket  from  a  small,  oblique,  lamellar  tooth  C2p.  There  esiated  sppaiantfy 
no  laterals,  thoncrh  I  am  not  quite  sure  with  regard  to'this  feature. 

Internal  features,  muscular  scars,  pallial  in^presaion  not  observed.  Test  very 
tldn,Bies«aringnoinMrethanO*4ff  mokin  iliiolaMSb 

ZoriR  of  Parallelipipetlum  prototoritommt  Kama. 

JBLemarla. — i^y  the  absence  of  any  omameutatkn  and  the  smooth  surface  this 
spetdes  oooU  only  be  oompand  irith  TMiiM  prototMalnkt  and  Tttttna  protoemif 
dida  ;  it  will,  however,  bo  seen  that  with  mgard  to  ^lape  both  species  differ  widely ; 
in  Telllna  protocandida  the  umbo  lies  far  backwarrls,  the  pedal  region  is  therefore 
longer  than  the  anterior  one ;  in  Telliaa  indifferent  the  umbo  is  so  dose  to  the  anterior 
auo^thatitisnflarfyteRuinaL  Tlie  same  leatare  applies  to  IViHiia  jw«foiM«H 
tula,  which  in  addition  is  easily  distinguished  by  its  orliieular  shape. 

The  only  living  relative  I  can  discover  is  Tellina  triemgiUaria,  Chemn.,  from 
China.  In  this  species  tbe  contrast  between  the  oompaiatire  rise  cf  tte  siphonal 
and  pedal  ngkm  fa,  however,  not  eo  strongly  developed  as  in  THtk»  iiidiferen$,  the 
pedal  rPipnn  is  a  littlo  lon^'or  and  the  Ripbonal  one  a  little  man  aoonminate  in 
TeUina  triangulorU  than  in  Tellina  indifferem,  and  the  umbo  is  muoh  closer  to  the 
middle  in  the  Hring  tiuminOe  foerilapeoies;  these  featoies  are  in  my  opbdon 
enough  to  justify  a  specific  separation ;  in  fact  I  am  not  even  quite  sure  whethor 
2UMm  Mw^atorst  oould  be  eonsidared  ae  n  deeoendant  of  TalUm  indi^trtn 
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though  the  latter  it  unqoMtioii&blr  a  tjpe  whudi » tztinot  Among  the  famtk  ol  Uw 

ladiau  Ocean. 

IniilMA  {FRXLUODA)  TOUACBA,  fiMTO,  FL  XIV,  figs.  3,  So. 
mtUm/OiMm,  BMWk]l«Ba|n|k«(1lM««mn»fa«SL]I].as.lL 

(■)  fait  win.  (»)  Bl^t  nin. 

bmlk      iMl^      VB.  iMgtk.  Rtlgirt.  L/B. 

a)  4I-9HBI.  »«■».  I'M       (1)  4C-0m  .  HfOmm.  .  VJO 

m  4M  •  .  IM  •  .  1-M 

Hm  dun  b  of  modente  lisek  trkagolarfy  ovaI*  uneh  kMigar  ihaa  Ugli.  lunring 
flutatatt  ft  large  index  L/n  ;  it  is  very  flat  and  nearly  equilateral.  The  umbo  is 
very  small,  pointed,  slightly  in  front  of  the  middle  lino.  The  pedal  region  is 
elongated,  a  little  attenuated  and  rounded,  the  siphonal  region  is  of  about  the  same 
die,  but  aoenminated.  Antericff  aiarginToaiided,  passing  gndnally  into  the  itraight, 
long,  ventral  margin,  which  in  its  turn  forms  n  sharp  anirle  with  the  short,  posterior 
margin.  Cardinal  margin  very  long,  angularly  broken,  tbe  posterior  portion  is 
slightly  oonrex,  set  with  irregular,  lainfllloM  thonu  and  passes  gradually  info  tlie 
posterior  margin;  the  anterior  portion  is  straight,  rontrally  inclined  and  passes 
gradually  info  the  antt-rior  mar>in.  A  sharp  keel  runs  from  the  umbo  towanls  the 
posterior  corner  which  is  therefore  slightly  produced ;  behind  it  the  surface  of  the 
■faellii  mora  ineBned  Chan  in  firant  ol  it 

The  ornamentation  is  very  monotonous,  consisting  chiefly  of  numerous  conoantlie 
linear  striie  which  become  less  regular  in  posterior  direction  and  entirely  disappear 
on  the  posterior  field,  where  they  are  replaced  by  stiite  of  growth.  Owing  to  the 
worn  state  of  the  shell,  only  a  few  traces  of  the  ptmotnate  ladin  are  seen  on  the 
posterior  field.  At  the  umbonal  region  a  few,  regular,  strong  coticcntric  ^rrinkles 
separated  by  broad  intetstiees,  and  limited  to  the  region  in  front  of  the  keel  only, 
am  to  be  teen ;  these  wrinkles  disappear  eatirelj  after  the  shed  has  leaohed  a 
height  of  about  3  mm.,  whence  it  becomes  entirely  imooth.  Tbe  shell  at  the  nealogio 
stage  must  therefore  hare  perfect  different  appearaiice  from  what  it  Joolts  when  it  ia 
folly  grown  up. 

Tbe  Idagi  oooiiiti  of  two  rery  small  and  weak  enrdlnal  teefli  below  tiie  imibo ; 

in  none  of  the  speciuens  is  it  well  scon,  but  apparently  in  the  right  valre  the 
anterior  one  was  considerably  weaker  than  the  posterior  one.  I  am  not  quite  sure 
whether  I  am  right  in  interpreting  these  teeth  as  CI  and  C3p ;  there  is  also  a  long 
and  narrow  anterior  latent  aooket,  wf&  a  thin  lamellar  anterior  lateral  below  it, 

which  should  represent  Lai,  while  the  srn-kft  mrrfsponds  to  I. all;  there  a>Q  Oflfw 

tainly  no  poetfrior  laterals.    Tho  hinge  formula  would  tlierororo  Ik; — 

Eight  valve  La.  :  I  |  C.  :  1  :  ap  I  Lp.  O. 
Lilt  ralra      La.  U  :  |  O.  Sa  :   Sp  ;    ( Lp.  0- 

The  tert  la  T«g(7  thin,  Uieaeoring  not  mm  than  0^  mm.  in  thiekneea. 
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Geological  oeeurrenee. — 

Zone  of  Area  theohaUU,  Kama. 

Zono  of  I'aralUltfiipedum  prototortuotum,  KaniA. 

Zone  «f  PMm  orU$Mi^  Thayetmyo. 

ZoDB  oC  MM»  humorota,  TluyvtaqTO. 
Remarkt. — There  is  no  fossil  species  described  either  from  India  or  from  Java 
and  Sumatra,  to  which  this  species  could  be  compared,  but  among  the  large  number 
of  lirin^  Tettiiug  eoe  prorw  itaelf  at  onoe  to  be  the  identioal  spccieB,  vie.,  TMInm 
(Ph!/Uoda)  foliaeta,  Beere,  from  the  Philippine  iHlanda.  The  general  shape  of 
both  is  exactly  the  same,  and  as  in  regard  to  its  shape,  Tellina  (jPifiio^ja)  /oUaMsis 
quite  unique  among  the  gcnuii,  there  is  no  ioiatake  possible. 

I  bare  bean  able  to  oompaie  a  apeirinuii  o£  TtUUtn  {Fk9Uoia)/ollo0«»t  Bern, 
from  the  Philip^ne  Islands  with  the  fouSl  specimen,  and  I  must  «oii£bh  'UiBt  I  wia 
struck  at  the  almost  absolute  identity.  The  shape,  the  wrinkled  umbonal  rrarinn, 
the  omamentatioa  of  the  posterior  field,  and  the  epiuoee  dorsal  part  of  tho  oanixnal 
margin  were  exactly  the  same. 

It  must,  however,  be  stated  that  as  the  fossil  specimens  are  apparently  consider- 
ably ^rorn,  only  very  faint  traces  of  the  punctuate  radie  on  the  posterior  field, 
wUch  apparently  looked  Mgaootli,  eoaM  bedfaewamd;  Um  lainelloias  spiniBa  m  the 
posterior  part  of  tho  cardinal  margin  could  alao  be  tnoed,  thoofl^.  owiag  to 
their  fragile  nature  only  traces  remained. 
^  fieere's  figure  gives  all  these  features  in  a  somewhat  exaggerated  way ;  at  least 
the  specimen  I  have  mtder  enminaiioD  dunra  only  veiy  ddkste  atiuB  and  spua 
bj  no  means  so  ationgly  developed  as  in  Eeeve's  figure. 

It  is,  however,  quite  possible  that  in  some  of  the  living  specimens  these  characters 
aie  more  strongly  developed  than  in  others,  and  it  is  also  quite  possible  that  they  were 
itin  less  so  in  the  Miooene  than  in  the  Bving  spedea. 

TuuvA  {TBLUiavLM)  hhai/  Naelliug,  PL  XHT,  flga,  7,  8. 

Itta  lWfll*(niilM|b)Mti.X'  r  H  ),  M  cxrrn.  Fo».  of  r pptr  Bonn*,  lUm,  Q«olig.  fcn^  «f  Imfl^  Yj. 

XWll.  1-t.  I.  p.  Ui,  pi.  lU.  fig.  6.6a. 

IfauosaHBins. 

hmgib.       Hr>Vt.      I/H.  liMigtli.       Height.  L/\i. 

(1)  &8  3ium.  .    Sl  Sinio..   2-71  (1)   Si-O  mov.  .   244  ram.  .   2  60 

(2)  IBC   „    .   216   „    .  2-30         (8)   U  S   „    .   18  0  .,    .  888 

(3)  se  a  „  .  13  4  „  .  m 
The  shell  is  tranversely  triangular  in  slia[)0,  stronsly  elonL'at«l  in  antero-lnteral 
direction,  the  length  exceeding  the  height  considerably ;  the  index  L/ii  is  there- 
flora  lather  high ;  althamgh  Tsxy  faeqnent,  oomplete  -valrea  are  owing  to  tiM  aiw 

and  the  delicacy  of  the  shell  rather  rare  ;  measurenieiits  af  only  a  few  could  there- 
fore be  taken,  but  they  accin  to  prove  that  tho  shape  is  verj^  variable,  inasmuch 

I'M 

as  aooocding  to  the  above  figures  the  variation  formula  would  be^  var.  88  i 
*  Miaiud  to  Mr.  B.  0.  Uill.  Uto  CouMttMOf  of  tontU,  Bnink.  "* 
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This  is  80  far  the  largest  HTTiplituf^c  of  vnriation  rooorfed  of  any  spcdcs  htuB 
described,  and  as  I  seleoted  only  p«ifcotlj  preserved  specimeoB  thc&e  figures  am 
unobjeotionsble.  Tins  great  tsndnnoj  of  Tsrbttion  ii  abo  muniBtakably  ezpnaael 
in  the  shape  ;  there  ar«  not  two  specimoas  wkicli  are  exactly  alike. 

The  shell  is  slightly  incquivalvc,  inasmuch  as  the  left  valve  is  more  inflated 
than  the  right  one,  which  is  rather  ikt ;  it  further  seems  that  the  posterior 
•ztnmity  of  ihe  rigjit  ratn  is  lUghftj  iwkted,  iffaile  it  it  atnight  in  fha  left 
▼aire. 

The  nmbo  ia  very  low,  depressed,  situated  nearly  in  the  middle. 

The  pedal  region  is  long,  aocominated)  the  siphonal  region  slightly  longer, 
Strang  aeouminated. 

Anterior  and  ventral  mai^n  form  a  Ion?  flat  curve,  which  is  slightly  rimiatwl 
at  the  poaterior  end ;  the  posterior  maigin  is  very  short,  slightly  rounded,  oblique, 
{anuiBg  a  diarp  angle  wifli  tt»  Tentral  maigin.  Gaidtnal  nun^  yeiy  long, 
angularly  broken  ;  tlie  antaiior  portion  which  is  the  shorter  is  strong^  indined  ill 
ventral  dinHJtiou,  formiui,'  a  very  pointed  angle  with  the  anterior  martrin ;  the 
posterior  portion  which  is  slightly  longer,  but  equally  strongly  inclined  in  ventral 
4inotiaD,  Awma  an  obtoae  angle  with  the  poBterior  maT|^ 

On  the  pedal  region  a  straog  sharp  keel  set  with  niaed  lamelltc  runs  from 
the  umbo  towards  the  junction  of  anterior  and  cardinal  mar^n  ;  on  the  siphunal 
refpoa.  there  are  three  similar,  lomellous  keels  running  from  the  umbo  towards 
the  poaterior  margin,  raiying  in  their  development  somewhat  on  both  valvea; 
on  the  right  valve  the  most  ventral  keel  runs  from  the  umbo  towards  the  posterior 
oomor,  having  on  its  ventral  (anterior)  side  a  broad  shallow  depression  sinuatinp 
the  Teotfal  margin ;  on  its  dorssl  nde  is  a  sharp  tamw,  followed  by  a  second 
keel  of  smaller  strength,  running  from  the  umbo  towards  the  middle  of  the 
posterior  marj^n,  followed  by  a  deep  hroad  furrow,  wliieli  l)i>nrs  on  its  dorsal  side 
a  strongly  iamellous  keel  running  from  the  umbo  towards  the  junction  of  posterior 
and  cardinal  maigin. 

On  the  loft  valve  the  arrangement  of  the  three  keels  is  very  much  the  same, 
the  ventral  keel  runnin!^  towanls  the  posterior  comer,  the  median  one  towards 
the  middle  of  the  poaterior  margin,  the  dorsal  one  towards  the  junction  of  postiiriur 
and  cardinal  margin.  Ilia  median  keel  is,  however,  very  weak,  and  the  furrow 
ffeparatini:;  it  from  the  ventral  one  very  sharp  and  deep,  while  it  i.s  separated  bv 
a  linear  furrow  from  the  broad,  rounded,  dorsal  keel  set  on  its  dorsal  edge  with 
sharp  lameUae. 

On  the  central  part  of  the  slwll  the  ornamentation  consists  of  muneroos, 

narrow,  flat,  concentric  ribs,  separated  by  deeply  engraved  linear  interstices.  In 
anterior  as  well  as  in  posterior  direotioa,  these  ribs  become  thinner,  the  interstices 
1»oader«  tiU  at  last  on  Oe  keds  the  ribs  are  raised  into  sharp  scaly  lameliss ; 
some  of  the  ribs  may  die  out  bsfeie  they  reach  the  keel,  sometimes  tiicf  unite  in 
one  scale  on  the  keel ;  having  crossed  the  anterior  keel  the  ribs  are  reduced 
to  fine  fbarp  concentric  lines  running  parallel  to  the  cardinal  margin ;  on  croess- 
ing  the  T6niroi|Misterior  ked  the  libs  torn  at  a  sharp  aag^  of  aboilt  80^  in  donal 
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diieotion  sod  appear  m  ibarp  linet  betwora,  imd  as  laiaed  aealj  kmslbft  on  ihe 
keels. 

In  the  right  ralre  tliere  is  a  small  bifid  tooth  below  the  umbo  CI  and  in 
front  of  it  a  aimilar  small  tooth  CSa ;  there  ia  an  elongated  anterior  lateral  Lai 
IttTing  a  deeip  aoeket  on  ita  donal  dde  for  tbe  Imerlkn  of  Lall,  and  ihera  ia  a 
similar  posterior  Intcral  I. pi  mt!i  a  flfcp  socket  on  its  side. 

In  the  left  valre  there  is  a  larger  bifid  tooth  C2a  below  the  umbo  baring 
a  deep  loiAiofc  on  dOflf  rfiia;  on  tha  donal  ride  of  tbe  poateiloir  aooiket  fbsa ii a 
very  rodiinentaiy  lameUar  tootii  02pi.  Antenor  and  poriuior  lateala  ekmgatBd 
but  low. 

The  hinge  fonnxila  is  therefore  :— 


Fallial  impreaaion  and  muoalar  aoaia  not  obaeryed*  tbenfoie  apfatently  oinlf 
slightly  marked. 

Itat  tUn,  maawiring  befcweon  1*8  and  1*4  mm.  in  ibiefaiflm. 


Zone  of  Canerllnria  fiiarlii.iaua,  '^^iu1m. 
Zone  of  Paracffalhu4  caeruietHf  Yenangyat. 
Zone  of  Jrea  theehaldtt  Kama. 
Zone  of  ParalUlipipeduM  prolotorlutwim,  Kama. 

Zone  of  Pholat  orientaltt,  Thayotniyo. 
Zone  of  Ai-icia  humeroia,  Thavetmvo. 

'  •  • 


Smorit.— Tbe  elongated  shape  together  with  the  ornamentation  of  the  sur« 
boa  wadflydiitaignish  this  spe^  firavn  any  otbam. 

As  alrcaf-ly  pointed  oat  in  my  previous  memoir,  Tellina  {TelUncUa)  htlU 
bears  a  great  similaritj  to  Sowerby's  TeltitM  exaratai  u»,  however,  Sowerby 
himadf  admtta  tihat  eontmzy  to  usual  eostom,  Uie  snrfaee  ol  the  sheU  has  been 
completed  by  the  draftsman,  it  ia  impossible  to  say  how  many  of  the  ohanelen  of 
the  figuro  are  natural  and  how  many  have  to  be  attrihuterl  to  the  lithntrrnplier'a 
skill ;  I  refrain  therefore  from  further  conclusions,  which  would  be  of  no  value. 

Under  the  name  of  TeiUma  (TaiiiiMa)  mtBsoM,  Boit^ror  dosoribea  a  species 
from  Sumatra,  wldoh  is  probably  closely  allied  if  not  identical  with  the  species 
here  described.  Boettgcr  states,  however,  that  it  is  devoid  of  an  anterior  keel 
and  compares  it,  therefore,  with  two  speoics,  T.  rotiralit,  Lam.,  and  T.  pteudo- 
fMlPAfis,  d'Aioh.,  from  theFranoh  Eooene.  Imnatoonfeasthatloannotsgraewit]! 
Professor  Ba'ttirer  in  this  roL^'rird  ;  both  species  seem  to  mo,  at  kasf  as  T  am  able  to 
judge  from  the  figures,  considerably  different  from  theSumatran  sijccit^;  with 
fegsrd  to  the  anterior  ked  the  question  might  he  laSsed  whether  it8  absence  is 
not  pedMips  aocidental,  owing  to  the  state  of  preservation ;  if  thia  opinion  shoold 
proTo  correct,  Tellina  {Tellinella)  hilli  would  be  identical  with  Tellina  (TelHneUa) 
verbecki,  but  if  the  anterior  keel  would  really  be  absent  it  would  form  a  veiy 
good  distingoishing  fSeaton. 


Sight  yalre  La.  : 
Iieik  valre  La.  II 


I  I  G.  8a  :  1  :    I  Lp.  I : 
1  C.  :  8a  :  Sp  f  Lp.  II 
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It  mny  also  be  questioned  whether  Tellina  {TelHneUa)  gumntrana,  nrrtt., 
is  really  specifically  different  from  the  above-named  species ;  in  fact  1  rather  think 
that  the  differsnoei  on  wfaioh  Bcsttger  separates  this  speoin  are  chiefly  due  to 
the  state  of  presenration ;  that  the  size  of  fhe  indn  L/E'  alone  is  not  mfflaient 
&r  a  specific  separation  has  bc<"n  repeatedly  demonstrateA. 

It  is,  therefore,  beyond  any  doubt  that  T*Uina  iTriUMlla)  hilU  exhibits  a 
gnat  dmilanty  to  two  ipeoies  from  the  Lower  and  Middle  Miocene  ol  Somatrai 
irliich  are  probably  identical  among  themselves. 

With  regard  to  the  living  relatives,  Jkettger  has  already  recognized  that 
mitei  ro^rata,  Lin.,  is  a  very  near  rdatiTB  to  both  his  species,  but  to  me  it  ia 
qBftft  tffirtfti"  that  in  lelUna  rottrata,  Lin.,  fruai  tlio  Pliilippino  Islands  we  have 
a  Rpe<?io:^  whirb  is  so  nearly  rt'lalcnl  to  Icllina  {TeUiuella)  MM  that  it  is  most 
probably  the  direct  descendant  of  this  species. 

Teliina  rwfnrfa  has  the  same  Tvej  eloiigated  shell  having  a  hig^  indoK 
L/H  (the  specimen  figured  by  Reeve  has  an  index  L/H=2-98)  ;  there  nrf  the  same 
scaly  kc'-ls  on  the  anterior  and  posterior  region  running  dose  to  cardinal  margins. 
Reeve's  figure  shows,  however,  that  the  cardinal  margin  of  TeUitia  rottrata  was  aet 
vith  aoalea,  while  it  was  oertainly  smooth  in  Tellina  {Tellinella)  hilli.  This 
is  probably  an  evolutionary  foatilro,  unlos.s  it  is  demonstrated  that  this  character 
is  somewhat  exaggerated,  as  I  repeatedly  noticed  to  bo  the  case  in  some  of  Eeove's 
flguies.  Having,  however,  no  spedmen  for  oompariaon,  I  am  unable  to  aay  how 
ftt  the  diflEnenees  between  Tellina  {Tellinella)  hilli  and  IVKmo  rottrata  go; 
it  maybe  possible  tbnt  both  species  are  identical,  but  it  is  more  likely  that  as 
I  aliBidy  said  the  living  species  is  the  direct  descendant  of  the  Miocene  species. 

Tgttima  iUU  ia  eertainly  a  Ijjpe  whioh  ia  not  rmraBntBd  amimg  the  fanna  «i 
the  Indian  Ocean. 

IXLLIMA  (TUiUMELLa)  Fa£iri>oniLLi,  spet;.  nov.t  PL  XIV,  fig.  9,  a-e. 

MSASUHBHENTB. 
Kg}ii  t*1t«  .   80-1  mm.     .   161  mm.    .  l'S9 

The  shell  is  transversely  triangular  in  shape,  the  length  exceeding  the  height 
considerably,  the  index  L/H  is  therefore  rather  high,  it  ia  almost  equilateral  and 
rery  flat  The  umbo  ia  low,  strongly  depreiaed  and  aituaied  naariy  in  the  middle. 

Bntli  pedal  and  siphonal  region  are  nearly  of  the  same  length,  elongated 
and  accumiuatod.  The  anterior  margin  is  very  short  and  fully  merged  into 
the  ventral  margin,  both  forming  a  long  broadly  rounded  eorye,  which  is  just 
perceptibly  sinuated  at  its  posterior  end.  The  posterior  margin  is  apparently 
short,  oblique,  forming  a  sharp  pointed  nngh?  with  tbe>  ventral  margin.  The 
cardinal  margin  is  long,  angularly  broken ;  both  portions  are  of  almost  the  same 
length,  reotrally  inotined,  the  anterior  pcrtkm  fanning  a  pointed  angle  with  the 
aotero-ventral  margin. 

On  the  pedal  xtffiai  a  TOiy  indistinet  keel  rona  from  the  umbo  towarda  the 
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junction  of  tin;  antero-ventral  and  csardinal  marp^in,  whiln  there  are  two  similar 
keels,  soparaled  by  a  broad  furrow  runuing  from  the  umbo  towards  the  posuonoir 
maigiii. 

The  whole  snxfiue  of  the  ahell  ia  oovwred  with  nnaierous,  fine,  sharp,  lamellar 

concentric  ribs,  separated  by  broad  concave  intorstiocs  ;  the  ribs  are  a  little  irrej^iilar 
inasmuch  oa  a  uner  filiform  rib  is  sometimes  iaturcahted  betwocn  two  stronger 
onaii  the  ittw  eroH  fhe  keel%  but  it  appanntljr  doei  not  ewne  to  the  fonnatioii 
fd  raisLHl  lamfllouH  scak's. 

In  the  right  valTo  the  hinge  consists  of  minute  biiid  tooth  below  the  umbo, 
CI,  having  a  nanoW  aodcet  on.  eithiw  (ode ;  there  leenu  to  be  a  very  rudimentaiy 
tooth  on  the  doml  lide  of  the  aatedor  soeket  corresponding  to  C3a ;  there  is  a 
moflerati'ly  vtMni;,  rfonirate  anterior  and  posterior  latoral  Lai  and  Lpl  haTing 
a  deep  socket  on  the  dorsal  side.    The  hini^e  formula  should  theroforo  be — 

Bight  Talve  La.  :  I  I  C.3a   :  1  :   |  Lp.  I : 
LoftTalre  Lb«1I    'l  C.  :  Sa  :  Sp.  |  Lp.  II 

Pallial  impnaskm  and  muMolar  aoan  not  obnrred. 

Oeological  occurrence.— 

Zone  of  Faralielipiptdumj^rototortuontm,  Kama. 

JtMMffer-At  the  ifant  glanoa  thu  epeoiea  mi^  be  omiaidnnd  a« 
with  feWM  {TdUKtUa)  hUti,  but  on  doser  examination  the  difFereooe  will  be 
readily  noticed.  Teltimt  {Tellinella)  pteudohilli  appears  to  be  less  olongato  and 
higher  in  shape,  that  is  to  say,  the  average  index  LyH  is  smaller  than  in  t'ellina 
(2Wliit«tte)  MM;  of  conna  farther  obMrration  woald  be  required  to  aaoertain  this 
view,  but  if  we  assume  tlio  arerage  index  L/II  of  the  former  to  be  3'M6^  that  of 

Tellina  {TelliiifiHa)  paeudohiUi  would  be  1"B3  OTily. 

The  chief  diffcronco  rosts,  however,  in  the  uroameatation,  which  consists  in 
xaiaed  sharp  libe  throughout,  separated  by  broad  iotentioea,  while  in  7WMm 
{Tellinella)  hUli  the  ribs  an-  raiwjd  and  lamellar  at  their  extremities  only,  and  on 
the  ventral  portion  of  the  shell  they  are  broad,  flat,  separated  by  linear  interstices. 
It  further  seems  that  there  existed  only  two  posterior  keels  in  TdlUta  {TelUneilo) 
fMdoHUi  whieh  apparently  were  never  set  with  such  sharp  raised  soates  whieh  are 
eo  prominent  a  featiuw  of  TeUina  {TrUinel'.a)  hilU.  Unfortunately  T  liavn  only  two 
■pecimeus  of  Telliua  {TellmeUa)  p^udohUli  one,  of  which  is  very  much  worn« 
Mid  lamthereCare  not  in  a  pontion  to  say  bow  fiur  the  last  two  ohamoteie  are  really 
distinctive,  but  this  does  not  matter  much  as  the  character  of  the  ornamentation 
nnqiiestiunably  proves  that  the  two  fjpfHjic';  are  different ;  but  aft4-'r  all  it  is  probable 
that  It  forms  only  a  variety  of  Tellim  {Tdlinella)  hilli;  we  know  that  thii^  species 
exhibits  a  grsat  amplitude  of  "variation  witii  regard  to  iti  ahapoi  and  it  is  not 
impossible  that  a  simibr  feature  may  exist  with  regard  to  the  ornamentation, 
although  I  must  say  that  none  of  my  numetoua  specimens  of  that 
exhibited  any  tendency  of  variation  in  this  regard. 

Itfa  not  impoasflilethattliiaipeeiM  is  the  ■noeatoff  of  either  TWffmi  fttrnhpimm. 
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Sow.,  txcsa.  tho  Mollucas  or  TelUiia  ra^aiumt  Hanley,  from  the  rhilippine 
Uttidi»f]ioiqf]i  <m  a«ooimtof  fbewaut  of  matnial  for  comparison  I  am  unablo  to  ea; 
anything  definite.  The  probabilities  an  in  Uctvat  of  a  velatitniBhip  with  fVlMva 
rattellum,  and  the  largrer  sliapo  and  coarser  sculpture  of  this  speciiw  would  be 
quite  in  harmonj  with  tho  view  of  regarding  it  as  the  dasoendant  of  Tellitta 
{TetUnaia}  pmMHIH. 

Teltina  (Tellitiella)  pscudohiili  ropreiento  »  type  wUeh  ii  nnqiuitkinibly 
estinot  *iqo"g  ibe  fauna  of  the  TnAijm  OooMi> 

S.  Geuu:  QABI,  BduunMlMr. 

lUt  gmm  baa  yielded  four  speoiea  whieb  are  tmj  dofldy  related  to  each 

other,  hut  while  one  species,  Oari  mtenth,  can  at  once  ho  distiiisjuished  from  the 
remainin<»  three,  these  latter  represent  ck»arly  different  stages  of  evolution ;  the 
oldest,  Gari  protoktngi,  exhibiting  tho  finest,  the  youngest,  Gari  deuterokinifi,  the 
eouwet  x&M.  Oari  protokingt  ia  a  deUeate  qieeiea,  having  fine  aharpxiba  of 
which  there  are  4  rihs  and  3  interstices  to  1mm.  of  height  ;  in  the  next  youn£»er 
8peci(>R  Gari  kwgi  there  are  3  ribs  and  2  interstices  to  the  same  height,  and  in 
tho  youngest,  QaH  devtarokmgi,  whidi  at  the  tame  time  attains  tlie  laigeat  die^  there 
an  2  libs  and  1  interstice  to  1  mm.  of  height. 

The  species  may  therefore  easdly  be  distingniabed  aa  foOowa:— > 

A*  Uiw  Ml  M  poitcfior  ked. 

1.  Ottri  maieiiM,  tpM.  not. 
Bi  Bibs  rounded,  strong  posterior  keel. 

(«)  4  libs  and  S  ioterrtiaw  to  1  mm.  of  hoigbt. 

•.  Omri  pttloUmfi,  apNi.  nev. 
(I)  3  rib«  and  2  intrrstici-a  to  I  mm.  «l  bs^^ib 

3.  Otri  ki»ti,  NwUiof . 

(4  ttibsiiidllBtanlieetalmn.«fbagbt. 

4,  Oi^ti  ituUrokiugi,  t^pu.  noT. 

Gari  nateimt  represents  unquostionahly  a  typo  extinct  among  the  fauna  of 
the  Indian  Ocean,  though  it  has  its  nearest  relative  apparently  in  a  species  from 
the  PhiKppine  Iskeda.  Tlie  otlur  fhree  speeiea  npresent  an  inienaiing  gnnp,  in* 
asmuch  as  though  all  of  tbem  are  eztinot  speeies,  Oari  caendeicent,  Reerc^  wliicib 
inhabits  the  Indian  Ocean  is  a  direct  descendant  of  Gari  deuteroUngi  wldok  itNlf 
through  Gari  kingi  is  a  descendant  of  Oari  protokingi, 

PL  XV*  jig.  %  M 

MaAsvaannns. 

(a)  Left  »»!»».  {*>  Ripht  t»1t». 

Lengtb.       HeiL'lit-       ThicknfM.    L/H.  Ui.gth.      Hrluht.      ThicknMt  L/H. 

(I)  lirSnn.  .  ll-SiQiD.  .    a'Snn..  ITS  (81   17  3  mn.  .  108  mm..   irO  mm.  .  170 

M  .  Ill  «  .    t     .119  »  .  a-1  .  .    f.     .  ito 

Only  four  specimens  hare  oomo  under  examination,  but  all  of  them  are  well 
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preserrod,  two  li.iTinsr  in  fact  sfiU  both  ralvo??  united.  The  shnll  is  apparently  the 
■mallost  of  tilt'  species  here  oxaminod ;  it  is  inequilateral,  oongiderabl^  longer  than 
high,  transrersoly  olliptical  in  thapo  and  rtry  flat.  The  umbo  is  -wwf  hm, 
depreasod,  situated  behind  the  middle ;  the  pedal  region  is  elongate,  somowhat 
attenuated,  iho  siphonnl  rru:ion  is  a  little  shorter,  expandwl  and  obliquely  truncated. 
Anterior  margin  short,  rounded,  passiug  gradually  into  the  long  very  slightly  curved 
Tentanlnaigiii,  wUdtfonnsaBcbtiiM  angles  the  oonier  of  wbidk  k  raoiided  ofl^  with 
tliBBhort  oblique  ]>osterior  margin.  Cardinal  margin  long,  angularly  broken;  ptHteriar 
part  straight,  forming  an  obtuse  angle  with  the  posterior  nurgin,  anterior  part 
inclined,  passing  gradually  into  the  anterior  margin.  An  indistinct,  flat  kocl  runs 
from  the  umbo  towards  the  posterior  oornsr ;  behind  it  tho  suvboeia  a  littlo  iwoHnfd  * 
and  a  Im.rdly  perceptible,  second  keel  or  radial  fold  rimv  'rom  the  umbo  towaida  tho 
middle  of  the  posterior  margin ;  in  front  of  the  kocl  the  shell  is  a  little  flattendl, 
•Tan  OMMttra. 

The  otnamentation  is  very  delicate ;  on  the  larger  anterior  part  it  consists  of 
numerouR,  very  ruirular,  concentric,  engraved  lines,  with  broad,  flat  interitiei-** 
between  them ;  in  posterior  direction  the  interstices  become  narrower,  while  tho  lines 
aie  gfidnaUy  faisad  into  Bhaip  lameflar  otrin,  beooming  at 

some  of  the  linos  terminate  suddenly,  while  the  remainder  continue  on  the  posterior 
part ;  generally  f»no  line  terminates,  while  two  run  on,  but  there  may  bo  also  only  one 
running  on,  particularly  towards  the  ventral  region.  As  all  the  lines  terminate  at  the 
auna  pdnt,  the  poaterior  part  with  iia  fine  lameUar  ifhi  aapaiatad  by  broad  flat 
inferstioMt  looks  Tory  different  from  tho  anterior  one,  a  ilifTcrence  which  is  increased 
by  the  imooth  polished  appoaranoe  of  the  anterior  part  forming  a  great  contraat  to 
the  dnlI»]ooking  posterior  part. 

The  ligament  was  Tcry  long,  its  anterior  part  anpported  by  a  Strang  njmphe. 

In  tho  left  valve  thert»  is  a  small  bifid  tooth  below  the  umbo  and  a  very  rudi- 
mentary tooth  behind  it.  I  am  not  quite  sure  how  these  teeth  should  be  interpreted ; 
the  fBobability  is  that  they  represent  02a  and  CSpu  Ibere  are  also  two  estraue^ 
rodimentary,  short  anterior  and  posterior  lateral^  with  a  hollow  sooket  in  doaal 
diieetion;  the  hinge  formula  should  therefore  be— 

Bagfat  Talve  La.  I :  I  C.  Sa  :  1       I  Lp. :  I 
Left  TBlre    La.  n  |  C.  ;  Sa  :  2p  |  Lp.  II 

The  above  formula  would  differ  from  the  general  hinge  formula  of  Gari  by  the 
pHuenee  of  latanli^aBiolar  aa  it  ia  known  tome  tiieyaieBdHing  in  all  tiie  Bring 
species.  In  this  species  the  anterior  laterals  ore  very  rudimentary,  in  fact  hardly 
visible,  while  there  is  no  doubt  as  to  the  ezistenoe  of  the  posterior  lataialBi  whkdl 
though  obsolete  are  still  distinctly  discernible. 

Onlf  the  paateikr  nraioalar  Mar  ia  well  MMit  tiie  aaileiiat  one  is  ffl-ddiiMd; 
paDial  impression  veiy  binft»  not  vUble;  nuogln  duvp. 

Qtological  oceurrenoe.-^ 

Zone  of  FaraUtlifipedum  ^rototortuommt  Eamai 
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Semarks. — This  species  is  very  similar  to  Oari  protokingi,  but  it  is  cosily 
distinguiflhed  by  the  peculiar  ornamentation,  as  there  are  no  roimded.  ribs  like  the 
latter  has;  the  sIimm  o(  »  dMip  ptateiiar  ked,  irfth  its  deep  fuzrav  in 
is  also  a  very  good  distinguishing  feature. 

The  nearest  living  relative  appears  to  be  Qari  puelUt,  Beevo,  which  uowadayi 
iahalili1ih»wat«n<tf  AnateaUa;  iinftdnnatalyliaTenoipeofiiuimfarooi^^ 
VtBfy  Haa  TieWt  but  it  is  unquestionablo  that  even  if  this  view  is  not  coneot, 
tho  norirfst  relatives,  such  as  Oari  eorrugala,  Reeve,  live  in  the  Philippine  Islands. 
It  is  unquestionable  that  Qari  natentit  represents  a  type  which  is  extinct  among 
the  pnaentfanna  of  th«  Indian  Ooean. 


Gabi  PAOiOKXKoi,  ipeo.  nov.,  PI.  XY,  figs.  1,  <m2,  8,  o-tf.  0, »«. 
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The  shcU  is  very  innquilatnni,  very  flat,  considerably  lonser  than  hij,'li,  trans- 
Tersely  elliptical  in  sha|xj ;  it  exhibits  a  strong  tendency  towards  variation  in  shape 
w  will  be  aeen  firam  tiie  abova  flgiuw;  fhe  amplitude  k  nther  a  laige<»0  eztendiiig 
from  1'72  to  217,  though  more  material  would  bo  required  to  fill  iq>  the  gapi. 
Aococding  to  these  ligures  the  formula  of  variation  would  be— 

var.  1-72  *|  , 

the  mathematieal  ATenge  being  l'9Ji5,  the  calculated  one  1*952.  As  far  as  the 
aoanty  material  allowa  of  anjcomelniimiB,  we  aee  that  about  29*/g  of  the  total  number 

arc  grouped  around  these  figtircs.  The  umbo  is  low,  dcpro^•sed,  situated  behind  tlie 
middle  line  ;  the  pedal  region  is  elon<,'ated,  somewliat  attenuated ;  the  siphoual  region 
is  a  little  shorter,  expanded  and  obliquely  truncated.  Anterior  maigin  abort, 
founded,  panliig  gcadnaUy  into  the  long,  ilighdy  cnrred  Tentral  maigtn  whieih  at  iti 
posterior  end  turns  abruptly  in  dorsal  direction  and  forms  an  obtuse  angle  with  the 
short,  straight,  posterior  margin.  Cardinal  margin  long,  angularly  broken ;  the 
shorter  posterior  portion  which  runs  nearly  parallel  to  the  ventral  margin,  forms  an 
olitaae  angle  with  tin  postaiiav  maq^  while  ita  longer  anterior  portion  ia  Tentmllj 
inclined  and  gradually  passes  into  the  anterior  mni^'in.  A  strong  and  sharp  keel 
runs  from  the  umbo  towards  the  posterior  corner,  accompanied  in  front  by  a  moder- 
ately narrow  deprenon,  {he  anteoto  side  of  whitdiiainidiatinetlykeded.  Thesur&oe 
drops  slightly  behind  the  main  keel,  and  on  this  field  there  is  still  another,  but 
hardly  pcreoptible  keel  whioh  nun  from  the  umbo  iowaidi  the  middle  of  the 
posterior  margin. 
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On  tho  anterior  part  the  shell  is  covoml  witb  numfrotiH  ycrv  fine,  flat,  conccn- 
tho  ribs  with  linear  interstices  between  tliem ;  in  posuirior  direction  the  libs  become 
thimiflr,  rad  evwiually  aMume  the  sliape  of  sharp,  nised  laraeUn,  -while  ait  the  aame 
time  the  interstices  increase  in  breadth,  both  crossini*  tho  postrrl  .r  ki  cls  and  furrow 
without  intiTiuption  or  without  any  of  tho  iamplhc  terminatini;  in  front  of  the  fur- 
row.  There  are  yory  exactly  i  ribs  and  8  interstices  to  1  mm.  in  height. 

In  addHkm  to  flie  above  oroamentation  the  shell  had  daring  the  nealogio  stage 
strong  concentric,  wrinkles,  separated  hy  broad  concave  interstices,  which,  however, 
terminated  abruptly  after  the  height  had  increased  abore  3  mm.,  and  in  adult  sped- 
mens  this  seoondary  amBraentation  ia  oufy  wen  in  the  umhtmal  nigion. 

The  ligament  is  long,  ita  anterior  part  supported  by  a  strong  nymiiie. 

In  the  riL'ht  valve  tliore  are  two  small  cardinal  teeth,  separated  by  a  deep 
triangular  socket ;  the  anterior  is  the  larger,  very  oblique  and  has  a  shallow  socket 
on  its  donal  aide ;  it  ahoold  represent  CSk;  the  poetaiiar  tootii  which  is  hifld  zepie- 
tents  Cl ;  there  is  a  very  rudimentary  posterior  lateral  lip  I  ifith  A  ahaiUow  aoekot 
on  its  dnnal  side.  The  hinge  fonniila  should  theref <Ke  he  t-^ 

T^igbt  valve  Lri.  O  |  C.  3a  :  1    :   I   Lp.  ;  I 
Lett  valve    l.a.  ()  I  C.  :  2a  :  2p.  I   Lp.  II 

Mnscnhr  <icars  and  pallial  impression  not  seen. 
Oeological  occurrence. — 

Zone  of  Jrea  thtobMi,  Kama. 

Zone  of  Paraltelipipedtim  prototortuotum,  Kama. 

RftntrJc*. — From  Gari  nnt^nai*  this  sjwcies  is  e^asily  dis<in2:uished  by  its 
different  omamentatioo,  in  particular  by  the  strong  posterior  keel,  and  the  concen- 
trio  sonlptate  oontinuing  posteriorly,  wifhoot  the  libs,  terminatizig  abruptly  in  fkont 
ol  the  keeL  As  a  further  mark  of  distinction  may  be  mentioned,  though  this  is  not 
TBiy  conspicuoufl,  that  the  index  L/Il  is  apparently  larger ;  in  other  words,  that  the 
shdl  of  Qari  protokingi  is  apparently  much  more  elongate  than  that  of  Gari 
iiatemi$. 

Its  nearest  relative  is  Oari  kingi,  and  I  hesitated  in  fact  for  some  time  whether 
the  two  species  could  be  separated ;  on  further  examination  tho  following  differences 
were  notieed  whioh  seem  to  me  sufficient  to  establish  the  specific  difference  partiou* 
lirij  when  it  is  kqpt  in  ndnd  that  both  ooenr  in  diffiannk  staata. 

As  far  as  the  scanty  material  of  Oari  kingi  allors  of  a  conclusion,  the  average 
index  L/H  1*827  of  this  species  is  smaller  than  of  Qari  protokingi  whioh  is  1*952 ; 
iheshdlofthe  latter  is  iheieiCoin  in  the  BTorsge  a  HtUe  moEe  ehngate  than  that  of 
Gari  kingi.  The  chief  difference  resto,  howerert  in  the  sculpture ;  in  Oari  proto* 
kingi  there  arc  fine  concentric  ribs,  of  such  a  strength  that  4  ribs  and  3  interstices 
go  to  1  mm.  in  height :  measured  at  the  same  place,  there  are  in  Oari  kingi  only 
8  ribs  and  S  intenUees  to  1  mm.  in  Ikeighi;  the  aotdptnve  is  iherefSare  nmoh  ooaiser. 
This  is  such  a  charaeteristie  difference,  that  even  fragments  of  the  two  species 
can  easily  he  distUDgniahod.  It  is  unqneitiooable  that  (7art  kiitgi  is  the  dbeot 
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dflacendant  of  Oari  protokingi,  and  that  the  tendmoy  of  erolution  has  bean  towards 
ihiB  fbnmtiim  flC  »  eoMMT  wnil]iteM. 


Gaki  kixgi,  Nootlin^,  PI.  XV,  figs.  11,  11a,  12,  12a,  13,13a. 

18M.  TMimm  KiwUias,  Mm.  Fan.  fimUiea.  <(  Vpp*r  Bimm,  ]|«m.  Owlqg.  Sunvy  ikf  Iadb^ 

YoL  XXni.  It  1.  |b  14  iL  lU.  «|h  T,  r«. 
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The  anudl  thdl  b  alwqn  ooBiUflnUy  loBgarHiiai  Ug^  ft  fa  iMiinmwlj  oval 

in  shape,  iuequilateral  and  very  flat.  The  umho  is  pcintei^,  but  low,  and  situated  as 
nearly  as  poesiblo  in  tho  middle  line.  The  pedal  region  is  broadly  attenuated,  the 
nphoDBl  one  expnded  and  tnmoated.  Hie  anteiior  mngbi  u  ahort  and  noiided, 
jMing  gradually  into  the  very  slightly  curred',  ventral  margin ;  whether  the  latter 
turns  nt  its  end  ahniptly  in  posterior  direction  is  not  distinctly  visible,  but  it  is  very 
probable.  It  fornuHl  apparently  an  obtuse  angle  with  tho  straight  posterior  margin, 
Tke  ««rdiiial  margin  is  long,  angularly  broken,  the  poatarkr  part  fa  paiaUel  to  llie 
ventral  mai|^  lomiing  an  obtuse  an!>le  with  flu  poiterior  margin,  wlifle  tlieaiiitaiwr 
portion  is  Tcntrally  inclined  and  ^radnally  passes  into  the  anterior  manrin. 

A  strong  and  tdiarp  keol  runs  i'roiu  the  umbo  towards  tho  posterior  comer,  in 
beni  «f  wltioli  thera  fa  ntber  a  deop^  bat  nanraw  fumnr,  whidi  fa  iMndand  on  iti 
anterior  side  by  another  but  -n-eaknr  kcMi'l  A  third,  TBI7  fndiltiliot*  knelt  TOUB  fnm 
the  umbo  towards  the  middle  of  the  posterior  margin. 

On  the  anterior  part  ike  aheiU  fa  ooiTwed  villi  inmwvoa%  lomewliat  irregular 
and  slightly  undulating,  ooncontrio  filiform  ribs,  vhiok  are  separated  hy  ihaiplj 
ensrav*^!  linear  in(er*^ticL«.  In  posterior  direction  somo  of  tho  ribs  die  out,  while 
the  remaining  ones  gradually  beoonse  flatter,  and  at  the  same  time  broader,  the 
intentioes  lemaiiung  of  the  midb  breadth ;  both  onM  vninterrapted^  Iceefa  and 
furrow,  terminating  at  the  cardinal  margin,  being,  however,  angularly  broken  bj  the 
hindmoBt  keel,  a  feature  which  fa^  ]unrBTBr«  not  well  exhibited  in  all  apeeinieiia. 

Oeetogieal  occurrence. — 

Zone  of  Jleiocardia  melaculgnrii,  SingtL 
Zone  of  ParaefiUktn  eaertilnu»  TeaangTat. 
Zone  of  OauotUorUt  mmrU»kmat  MInbn. 

Bemark«.—l  huscA  this  species  originally  on  a  few  fragments  from  Minhu  and 
Yenangj  at,  which  exhibited  the  charactoristio  features  of  tho  posterior  region.  Not 
knowing  the  general  shape  nor  the  characters  of  the  hinge,  I  assumed  it  to  belong 
to  the  Genns  TMiiutt  bat  in  the  meantinie  bettor  preMrved  material  baa  been 
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coUecttHl  by  me  at  Sing\i,  which  enables  me  to  give  a  fuller  desoription.  The  informa- 
tion thus  gained  has  proved  that  the  generic  position  was  wrong,  and  as  at  the  same 
time  tlie  lunge  of  lelated  tpeete  ooold  be  itiidied«  tibe  generie  same  **2Vlf imi'*  had 
to  be  changed  for  Gari. 

As  I  have  dweit  at  aome  length  on  the  differences  between  Gari  kingi  and  Gari 
protokingi,  it  only  remains  to  be  added  that  the  oonoentric  wrinkles  in  the  umbonal 
part  of  the  latter  apeoiaa  aie  no  Vmga  Tiaibk  in  Omi  Miyl.  It  nay  (arihar  be 
remarked  that  a  feature  which  is  so  conspicuously  derolopcd  in  tlio  next  younger 
species,  Cart  deuterokingit  the  dying  out  of  the  concentric  ribs  before  the 
poeteiior  keel  is  reaobed,  is  just  indicated  in  this  species,  we  nnat  MOoDeot  ibat  no 
anolh  feature  Mas  indicated  in  Oari  jtrotokingi. 

It  may  also  be  noted  that  there  is  a  difference  with  rej>ard  to  the  mutual  relation 
of  ribs  and  intentioes  in  the  two  speciea  In  Oari  protokingi  we  noticed  that  the 
number  of  ribs  and  intentioes  is  (be  same  in  frant  and  bebfaid  the  keel,  but  the 
bxeadtll  of  the  interstices  increases  at  the  expense  of  the  ribs. 

In  Oari  kingi  there  is  a  smaller  number  of  ribs  behind  than  in  front  of  the 
keel ;  the  number  of  ribs  has  been  reduced  by  the  dying  out  of  several  of  them  and 
the  lemainder  haTO  jncwaaed  in  bieadth,  vUIe  fhe  inteiitieea  have  mmained  the 
same.  We  shall  jreamntly  see  how  this  feature  has  further  denlopod  in  &ari 
dtuterokingi, 

Gaki  dbuterokingi,  spec.  UOV.,  PI.  XV,  fir^.  10,  a-b. 

Unfortunately  only  a  single  specimen  of  this  species  has  come  under  examina- 
tion, and  even  this  is  oonsidembly  damaged  at  its  posterior  part,  but  it  eidnbits  some 
ihataies  whidiaie  of  great  interest 

The  'iht'll  wems  to  have  been  taller  than  any  of  the  species  hitherto  described, 
as  it  measures  18  5  mm.  in  height  which  would  answer  to  a  length  of  33'8  mm.  when 
tiw  aTorage  index  of  Gart  tkifi  would  be  applied;  it  temM, however,  that  iSba 
length  was  a  little  smaller,  and  the  index  of  this  specii^s  would  theiefore  be  smaller 
too,  a  feature  which  would  quite  be  in  harmony  m  ith  the  evolntionaiy  tendency  of 
these  species.  However  that  may  be^  it  is  certainly  the  largest  species  of  aU ;  its  shape 
ia  trattfrenely  ekngaie,  elllptioal  and  prdwbly  much  the  same  as  that  of  Oari 
Umgi.  The  umbo  is  low,  depressed ;  the  cardinal  margin  is  angularly  broken,  the 
posterior  part  being  straight  and  parallel  to  the  ventral  margin,  the  anterior  one 
ventrally  inclined. 

A  strong  keel  runs  from  the  umbo  towards  the  posteriw  oomrar ;  the  dtgnmaii 
in  front  of  the  keel  is  shallow  and  narrow,  its  anterior  side  being,  however,  well 
marked  by  a  sharp  keel;  the  third  or  hindmost  keel  is  very  indistinct  and  only  well 
vnible  on  fhe  right  valte. 

Owing  to  the  beautifuUy  preserved  state  of  themEboe^  the  ornamentation  can 
be  studied  nearly  up  to  the  umbo.  The  ornamentation  of  the  umbonal  region  proves 
that  during  the  nealogic  stage  it  consisted  of  numerous  very  fine  oonoentrio  ribs, 
«Ua]iiranhraad«ihaatlM]inMviiiteatloMi*«hB  anterior  part  of  1]ioahdI.b«t 
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beoanw  thinner  on  the  posterior  part,  -while  the  intarstioee  increased  in  broulfli;  no 
'djriag  out  ti  lito  ean  1w  abwrr ed.  Aa  it  irill  be  wen  tUi  ie  ilie  itage  lepraseiitBd 
1^  €Mprotokinfi. 

In  the  next  stage  we  see  that  Rome  of  the  ribs  die  out  in  posterior  direction, 
while  the  remainder  increase  in  breadth  on  the  posterior  aide  of  the  shell ;  this  is  the 
■lageef  Gart  hkigi. 

The  evolutiort  has,  howoror,  game  fiuther;  tiie  xlbs  begin  to  tako  an  obliqne 
curvature  by  becoming  mote  and  hmnw  renimUj  iuelined ;  at  the  same  time  thej 
inoteese  in  strength,  sothat  onl^  9  libeaikd  1  intnitice  go  to  1  mm.  in  lieight.  Ae 
apfwrently  not  all  the  ribs  can  leaoh  the  posterior  keel,  more  and  more  of  them  die 
out,  while  those  which  continue,  are  forced  to  bend  in  dorsal  direction  in  order  to 
eome  close  up  to  a  preceding  rib.  This  bending  of  the  ribs  in  front  of  the  anterior 
keel  is  a  moat  nuvked  featme  in  this  species,  and  it  liaa  been  jnst  indiested  in  some 
speoimeas  ef  fferi  kmgi  withoati  kowevert  ooming  to  perfection.  Towards  the 
Tentral  margin  the  five  last  rifis  resume  again  an  entiiely  hffirif^ntill  run,  thns 
being  in  marked  contrast  to  the  preceding  oblique  ones. 

Zone  o(  Jf  jtMIm  mtoobtrtoiUt  Bingo. 

Jtemarkt. — ^It  may  seem  as  if  there  was  no  reason  for  separating  Oari  deutero- 
kimfi  from  Oari  kingi,  but  if  the  ornamentation  of  the  latter  apeoiea  is  studied  as 
abore,  it  will  be  seen  that  a  specific  distinction  is  fully  justified. 

Qttrt  iamttrMngi  ^Bmbem  fi^M^lAv'bjalaigerniekBtnafferzih^aiidbj 
the  ribs  being  for  the  most  part  obliquely  inclined;  in  additioa  it  nu^  beramai^d 
that  OarildeiUerokingi  oocurs  in  a  younger  bed. 

Hib  ^eoim  Iwn  daaonbed  baviiig  been  porored  to  be  the  diieet  desoendamt  «l 
Oart  proMUmgi  timmgil  Omri  kingi,  it  remains  to  be  examined  wluch  is  the  nearest 
lis'ing  relative.  This  is  unquo*tionably  ^7 (in  r<FrKZMe(?w»  from  the  Indian  Ocean ; 
in  this  species  the  angle  of  the  cardinal  margin  is  apparently  still  more  obtuse,  and 
tba  antSEiar  Tegion  tberabn  less  sMennated  than  in  tmf  of  the  speolmans  hen 
described ;  tho  whole  sntfaoe  is  appaientlf  ooreied  with  obHqne  liba^  their  posterior 
bend  IS  well  marked. 

S,  Genua:  BIATOLA,  Uodeer. 
HuToiii  nZTtuB,  speo.  nor.,  Fl.  XT,  fig.  H 
MatsustMBina. 

lofih.        B4|M.  L/B. 

Left  taIt*  .  27*3  mm.    .  IM  am,   .  S-C8 
The  shell  is  nearly  rectangular  in  shape,  the  length  exceeding  the  height  oon- 
aidembly ;  the  index  L;II  is,  therefore,  rather  high ;  it  is  very  flat  and  rather  iuequi- 
JataaL 

The  umbo  is  low,  depressed,  situated  considerably  in  front  of  the  middle  line. 
The  pedal  region  is  short,  hut  broad,  lounded;  the  nphonaL  xegion  is  elongate, 
broad  and  rounded. 
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The  anterior  margin  ia  rounded  i  the  ventral  margin  Icmg,  straight,  abrupt^ 
turned  upwards  at  either  end,  passing  gradually  into  the  anterior  and  posterior 
margin ;  posterior  margin  broadly  rounded ;  cardinal  margin  long,  straight,  parallel  to 
fheTflalraliiiaigiii;  <he  anterior  portian  is  ahortflr  than  {he  lon^ 

issUg^Iltl^  TCnfrally  incliiiHl. 

Tlie  nnfaoe  is  smooth,  exoept  some  irregular  concentric  strisB  of  growth. 

In  the  left  ralTe  theie  i«  a  minute  toothiuTing  ti  loeket  on  eitiw  aide  right 
under  the  umbo,  probably  representing  C2p. 

The  li<;ameut  is  supported  by  rjithor  strong  but  short  nymphcs. 

Pallial  impression  and  muscular  scars  not  observed,  probably  only  faint!/ 
marked.  Test  Tery  thin,  meamring  0*48  mm.  in  thiokneaa. 

Otological  occurrence. — 

Zone  of  Parallelipi pedum  protator(tto»um,  Kama. 

JRemarlu. — The  material  I  hare  for  examination  is  rather  insufficient,  and  I 
am  nnable  toaay  w1ieth»r  perbapa  flte  t|ieciea  did  not  attain  a  larger  aiaa. 

From  Gari  prolnkinrji,  ivith  •which  it  mitrbt  pt-rhaps  be  compared  with  regard  to 
the  general  outline  of  the  shell,  it  is  easily  distinguisbed  by  the  smooth  surface. 

I  have  not  feond  any  f oasil  speef  ea  to  whieh  it  oamld  he  oompared,  none  having 
bi»en  described  from  either  Java,  Sumatra  or  Western  India.  AV'irh  regard  to  liring 
s]n'cicj5  I  am  for  want  of  material  for  comparison  unable  to  say  which  may  be  its 
nearest  relatiro,  but  it  api)ears  to  represent  a  type  wliioh  is  extinct  among  the 
ianna  ct  the  ladiaa  Ooean. 

Amuly:  SOLSNIM. 
1.  Genua:  8OIiEODB>T08,  Blainnlle. 
SoLBOUSTva  azavLCATua,  apee.  nov.,  PL  XY,  fig.  18. 

Only  a  ringle  ill-preoerred  left  vmlTe  baa  oome  under  ezaminationi  bnt  though 
rather  ill-preserred,  it  ia  aoffieient  to  allow  for  a  specific  distinction. 

The  i^hell  is  transversely  rectangular,  consirlonibly  longer  than  high,  and  though 
exact  measurements  could  not  be  takeu  it  is  c^uite  certain  that  the  index  L/H  is 
mtiier  hi|^}  it  ia  mj  fiat  and  ineqnilatBnL 

The  umbo  is  low,  deprostod,  situated  considerably  in  front  of  the  middle  line. 

The  pedal  region  is  high,  but  short  and  rounded ;  the  aiphonal  region  is  ftKf 
elongate,  slightly  aooumin&ted. 

Anterior  margin  broadly  roonded,  vantnl  margin  riraigbt,  postarior  maigia 
broadly  rounded,  apparently  parallel  to  the  anterior  margin,  cardinal  margin  long, 
inequilateral,  the  anterior  part  much  shorter  than  the  posterior  one,  both  slightly 
indhwd  in  Tentnd  direction. 

Anterior  portion  of  the  surface  smooth,  except  for  some  fine  atriis  of  growth ; 
posterior  portion  provided  with  sharp,  fine  ribs  which  generally  run  parallel  to  the 
posterior  margin ;  the  anterior  part  of  the  rib  is,  howovnr,  slightly  oblique,  while 
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the  hindmo'^t  are  perpendicular  to  cardinal  and  ventral  margin ;  their  cardinal  ond 
turning,  however,  aharpljr  in  anterior  direction ;  theriba  are  separated  very  broad, 
ibtintentioea; 

Otologieal  oeeurrenee. — 

Lower  Miooonn,  ThayettnTo. 
JIemari!;«.— Shape  aud  uruamcutation  aUow  no  doubt  as  to  the  generic  position, 
atrnt^  tlw  spedflo  detamninatioin  nam  aonufwhat  mMertain.  No  speeiei  belonging 
to  this  gonus  has  been  described  from  Java,  Sumatra  or  Western  India,  and  for  com- 
parison with  fossil  species  from  Europe  its  state  of  preaervatiou  is  mot  sui&cient ;  I 
therefore  prefar  to  abstain  from  any  oompariaon  in  order  not  to  drav  misleading  oon- 
oluflions.  The  same  applies  of  ooazBO  to  living  species,  though  them  seems  to  be  some 
probability  that  the  living  Solerurfnt  erarntut,,  I'hil.,  from  Cliiiia,  is  a  clo^:;  n^lative 
of  the  Miocene  species  from  Burma ;  on  the  other  hand,  no  similar  species  could  be 
femid  «nung  ibe  fauna  of  ibe  Indian  Oeean,  and  it  ia  timcfore  probabb  that  ife 
I  an  artinotlype. 


1  Genua:  BOLBN,  lannfi. 

SoiEV,  spec. 

There  are  several  fragments  of  a  shell,  which  by  their  characteristic,  eloni^ate, 
rectangular  shape,  aud  the  large  index  L/U  unquestionably  prove  the  existence  of 
this  genua.  None  of  fhem  is,  however,  aoiBoiently  well  preserved  to  allow  of  its 
featniea  being  studied  and  its  specific  characters  being  fixed.  In  fact,  it  is  even 
impossible  to  say  whether  the  fragments  represent  one  or  more  species,  as  some  of 
them  belong  to  small  specimens,  while  others  clearly  demonstrate  that  the  shell  must 
have  aiinlPf^  a  oonHdenible  eiie,  and  era  diatinguidied  by  an  extremely  thin  ahell 

measunnt;  0'37  mm.  and  xmder  in  lliicknrss  ;  jis  lioth  occur  in  tin-  same  befl,  it  is 
quite  possible  that  the  small  specimens  represent  only  the  adolescent  stages  of  the 
large  onea. 

Qeologieal  oeeurrenee. — 

Zone  of  Pholaa  orUinffilli,  TTmyptmvo. 
Zone  of  Canceliiiria  martiniana,  Minbu. 

Family:  MJCTRID^. 
Genus:  MACTRA. 

ilAClKA  PKOTOHEEVESIl,  SpCC.  nOV.,  Fl.  XVI,  figS,  1,  <»-d,  2,  O'd^ 


liKASUBIMXNTa. 

{•)  OaarUiUTClfc. 

ao-Saa.   .  mmm.   .  Vtt 

20 1  mm.    .   KO  mm.  1'38 


(c)  Lift  Tftlr*. 

Ulmm.  .  IMbm.    .  Ml 


The  shell  is  transversely  triangular  in  shape,  the  length  exceeding  the  height 
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Hf^bXtfi  the  index  L/H  it  flierefore  relatively  Ntnall,  as  faraa  OMibejll4g8dllNnifhe 
Imr  nMMONiaentsi  it  ia  ttiber  flat,  but  voiy  im  quilatoral. 

The  ombo  is  inflated,  pointed  and  strongly  proso^yrio,  situated  oonridenhlf 
hdlind  tlio  middle  line. 

The  pedal  rft;ioii  is  very  lontj,  broadly  rounded  ;  the  siphonil  rej^inn  is  very 
short,  and  aocuniiuatcd.  The  anterior  margin  is  broadly  rounded  and  passes 
gradually  into  the  almoat  ttraigfat,  only  alightly  oonvez  veatral  margiii ;  porterior 
marg:in  short,  entirely  merged  into  the  cardinal  margin  and  forming  a  pointed  angle 
with  the  ventral  margin.  Cardinal  margin  long,  angularly  broken  ;  the  anterior 
part,  which  is  the  longer,  ia  slightly  oonoare,  ventrally  inclined  and  passes  abruptly 
into tiie anterior  margin;  the  poBterior  pait  ia  dight^  oonvax  strongly  do|Mng  in 
TCntral  direction,  passing  gradually  into  the  postnrif>r  margin. 

From  the  top  of  the  umbo  a  broad  keel  which  is  flattened  at  the  top  having 
tiMNioKe  two  sharp  edges,  runBtomods  tiie  poiterior  corner,  the  iOifiMe  dropping 
iteeply  hehind  it. 

During  the  nealogic  stage  the  ornamentation  consists  of  broad  eonoentrie  ribs 
separated  by  broad  concave  iutcrstices ;  in  ad^it  sjMicimens  this  umamontation  is 
aeon  on  the  ngioBi  hat  owinf(  to  its  delioaoy,  it  ii  eanfy  worn  off ;  this 

onaBmaotaition  heoonuM  aoon  effaoed  md  ia  teplaoed  hyiine  oonacntiio  Mm  of 
^mrth. 

The  hinge  is  composed  as  follows  :— 
m.  Eight  voIm. 

1.  Anterior  lateral  teetli. 

There  are  two  long,  thin,  lamellar,  stroni,'ly  opisthoclino  anterior  laterals,  Lalll 
and  IaY;  the  ventral  L«III  is  much  longer  and  stronger  than  LaV,  being 
raiaednt  its  nuddle  into  a  high  knob.  The  dorwl  tooth  LaY  ia  ▼ecj  thin,  a  little 
undulating,  high  at  its  anterior,  low  at  its  post orior  end,  but  shorter  than  Lalll, 
being  separated  by  a  doop  ekuigate  Bookot  from  it;  it  is  weU  aet  off  againat  the 
margin  by  a  docp  furrow. 

2.  CWdinal  teeth. 

The  anterior  cardinal  C3a  is  thin,  lamellar,  stronc^ly  opisthocline,  bavin.,'  a  deep 
socket  at  its  posterior  (ventral)  side ;  it  is  joined  at  its  apax  ti  C3p;  the  latter  tooth 
is  thin,  lamellar,  strongly  prosooUno,  forming  a  /\  shaped  composite  tooth  yriHk  C8a, 
theapsKof  whiohiaiigtoimdeciiMthfheumboi  bohiiil  it folknra  the da^  internal 
ligamental  socket. 

3.  foateriur  lateral  teeth. 

There  are  two  posterior  latend  teeth  LbIII  and  Lai;  loth  are  thin,  hmdlar, 

elongate  and  strongly  proeocline;  tHwraatral  Lai  is  mudl  ibtong*  r  tlian  the  dorsal 
Lain,  sepanted  from  it  by  a  dtMjp  narrow  socket ;  both  teeth  are  ln<:hest  at  their 
anterior  extremity  and  decrease  in  posterior  diieotion.  Lpiil  is  shorter,  thinner 
.  and  weD  set  off  from  the  margin. 

b.  L^t  ralte. 

1.  Anterior  lateral  teeth. 

At  tho  iirst  instance  it  seems  as  if  there  was  only  one  lamellar,  thin,  opisthocline 
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anterior  lateral,  well  aet  off  from  tho  margin  hj  a  deep  furrow,  and  well  forward  of 
tlie  umbo ;  andar  otdbiair  oivoamataikoaa  one  would  have  unlmitetiiiglj  interpreted 

it  ns  Lall,  but  it  is  nnqestionaMy  on  thr>  dorsal  sido  of  T-aTII  when  the  r.-ilves 
aro  clo^  and  must,  therefore,  represent  La  lY.  On  its  poetorior,  ventral  side,  separ- 
ated by  a  dudknw  weket  there  is  a  thin,  lamellar  and  ttiongly  opistfaooline  tmUi 
wUfih  might  be  considered  as  a  cardinal ;  on  closer  examination  it  will,  however,  be 
seen  thnt  the  anterior  oontinimtioii  of  this  tooth  passes  on  tho  ventral  side  of  LalV, 
although  becoming  very  rudimentarj ;  it  must,  therefore,  unquestionably  reprewst 
the  tme  Lall  wbioh  imitatea  shape  aai.  position  of  an  anterior  oardinal  tooth. 

2.  Cardinal  twtli. 

Tho  anterior  eardinal  tnrith  C2a  is  very  tliin,  lamellar,  stniM::!;-  oiiisthocline, 
having  a  narrow  i>ocket  on  its  auU;rior  (dorsal)  and  a  broad  triangular  aouket  on  its 
poatBEior  (ventral)  ade ;  ita  apex  is  joined  to  OSp ;  this  tootti  ia  reey  thin,  lamellar, 
iteangly  prosocline  and  joined  to  C2p  fonnillg  a  a  shaped  composite  tooth,  the 
apex  of  wbiflih  ia  right  imdemeath  the  umbos  behind  it  is  the  triangular  ligamental 
socket. 

3.  Posterior  laieml  teeth. 

There  is  only  one  lari^e,  bmellar,  etroDgljr  piModinB  toofli  LpII,  hating  a 
lather  broad  socket  on  its  dorsal  side. 

The  hinge  lomnla  is,  thenCare.  as  foUoirB 

lUght  Tahe  La.T  :  m  :  |  0.  8a  :  O*  1 3p  I  Lp.  Ill :  I. 
Vi^t  TalTe  La.  :  lY  :  n  I C.  :  2a  :  Sp  :  I  Lp.  II 

Ligaraental  groove,  triangular,  small,  but  deeply  concave,  anteriorly  inclined. 
Pallial  impression  and  muscular  sear^  not  observed,  apparentlfiU-marlced.  Test  veiy 
thin,  measuring  not  more  than  a  •GO  mm.  in  thickness. 

Zone  of  Para  I  leli pi  pedum  proln(nrlun$iim^  Kama. 
Zone  of  Pholat  ory-ntalia,  Thayetmyo. 
ILentark*, — Among  the  large  number  of  species  belonging  to  the  genus  Maetra 
none  ia  so  eonspienoua  by  the  disproportioB  between  theaiie  of  the  pedal  and  siphonal 

region  as  Murtri  protoreevegii.  The  extremely  elonL'nfe  nnterior  aod  the  shorl 
accumulate  posterior  region  characterize  this  species  excotxlingly  well. 

It  waa  fat  this  ebaraeterbtfe  shape  of  the  sheU  that  I  at  onoe  leoogatel  tihat 
the  ICiooene  specimen  must  be  very  closely  related  to  Mactra  reeveaii,  Seduijes,  from 
Jlnljif-ea,  and  when  I  found  that  tho  fossil  specimens  exhihited  the  s^ame  concentric 
ribs  on  the  umbonal  region  though  in  a  more  delicate  state,  I  asked  myself  whether 
I  was  not  justified  in  identifying  both  speeimena.  It  is,  however,  unqnestionable 
that,  in  harmony  with  tho  observation  made  in  other  species,  the  whole  of  the 
characters  of  the  living  specimens  are  of  a  somewhat  lari^er,  stronger  stylo  than  in 
the  fosal  species,  and  acting  on  the  principles  observed  in  other  species,  I  prefer  to 
dlatingmah  it  under  a  apeeial  name.  It  is^  however,  quite  unquestionable  that 
Mactra  reereirii  is  the  din^et  descendant  of  the  Miocene  Mactra  protoreete»ii,  being 
distiui^iushed  by  coarser  featun^s  only,  though  it  seems  unquestionable  that  it 
represents  a  type  whieih  ia  eaElinat  among  the  fauna  of  the  Indian  Ocean. 
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Euniljr :  MTIDM,  Deduvw. 
Gomu:  COKBULA,  ftntipkN. 
Throe  well  ohanotodied  speolM  Imtb  been  denribed  vUeh  oan  be  enily 

distinguished  as  follows  :  — 

A.  tiolli  valvea  ouvered  with  coDomtlb  riWi 

{•)  Rifflit  aai  kit  wbe  MapUtoly  wvnwi.  8h»n  (naavmaly  oral. 

1.  Corhula  tufialit,  K.  Mftrtin. 
(6)  Kiglit  r»lve  compleuljr,  left  »»lve  onlj  towartlB  the  veutntl  in*rgiu  ooveraJ  with  liU, 
•bell  rboml>oid»l. 

S.  CbrMc  r^fta,  Sowerby. 

B.  Bi^t  filva  flovmd  with  ooawntrio  ribi,  l«ft  viUve  smooth. 

A  Artiilo  /paMnMMfo,  wpm.  owr. 

One  qpeoiee,  Corbula  nigoia,  Sow.,  representa  appecentij  a  tjpe  whiebia  extinot 

among  tlio  present  fauna  of  tho  Indian  Ocam.  Corbula  proMruncala  is  apparently 
the  pormaaent  nealogic  stage  of  Ootbula  trumala.  Sow.,  inhabitiag  the  Indiau  Ocean, 
wbilA  OorhOm  toHoih,  K.  Martin,  ia  vadoabtedl^  fhe  Mkeene  inoertor  of  Corbula 

OOKBULA  sociAiJs,  K.  JIartin,  PI.  XVI,  figs.  3,  a-e,  -i,  a-b,  5, 
C»r6«ia  K  SIiir-ln,  iJio  T.  rtUiwh.  Ml  J»vi^ p. M,  |1. XT, |(.  Uk 

MkASI  RRMUXTS. 


(a)  R^kt  m/m. 

(&)  Left  M/M. 
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The  shell  is  slightly  ineqtuTalve,  although  both  valves  hare  very  much  the 
game  traiuTwsely  triangular  shape,  the  length  of  which  always  exceeds  the  height. 
So  far  as  can  be  jodgsd  from  the  material  at  my  dispoaal,  wbioh  ia  latbir  iwuflp 
cient  far  thn  purpose's  rofcrrod  to  hclow,  the  index  L/'II  affords  8ODI0  T6If  intomtil^ 
features  particularly  if  both  valves  aro  considered  separately. 

(a)  Right  ealM.— Glttneing  throogfa  the  figniea  aa  girm  above,  it  will  be  aeen 
that  the  index  is  quite  independent  of  siae,  laige  Talvea  having  rather  a  small,  the 
smallest  specimen,  rather  a  high  index;  if  aEnnged  aeoQcdiag  to  the  index  the  fol- 
lowing table  is  obtained  : — 

bfci  .      .      .    !•»    116    1-27    1-38    1-n    110    ISl    US    1»    l  U    I'St    t»  l-tT 
Htunbwil  ifMtaMw      1     ...                     aw      •■•      *•■      m        Slim  •» 
bte  .     .     .   l-iri    14*    140    1-41    1-41    I'M    I'M    VU    \-U    Mf    VU    1«    I  SO 
HnAvef  ^MalBMU    B       9       1       1       1     ...         1    1  1 

Index    .  .    161    ta    ll»    I'M    I'M    VU    l'S7    ISS     li9    160    I'Sl     I'M  I'M 

NuaWr  of  upc.-iT.cas       I        1    1  1      ...       ...  1      ...  ^ 

liid«x    .  I'M    I'M    I'M    1-er  I'M 

Nanbcr  of  •pcvimoot    ...      .„      ^      m.  1 

Tt  mil  ))(!  sTfn  that  the  amplitude  of  tlio  index  L/II  is  rather  a  lar^  one,  ex- 
tending from  125  to  but  the  chain  exhibits  frequent  and  sometimes  large  gaps. 
I  am,  hofwever,  oonTineed  that  they  are  ehiefly  due  to  insnflloteBt  maleriat;  ^* 
regarding  those  gaps,  the  mathematical  average  of  the  index  would  be  1*466,  and 
the  average  calculated  from  actual  fia:uros  l--tt3;  the  latter  is  therefore  slightly 
smaller  than  the  former,  but  contrary  to  obserratious,  made  in  other  species,  the 
nugoitj  of  a]MciiiiieBadoea  not  graup  ttNnnd  dUier  of  them;  the  Taiiatiom  fatmnla  ia 
timetoro 


1-68  ( 1-468 

var.  44    I    stvcnge  < 

V»  U-44Sed. 


(I)  Zift  vaiM. — The  same  observation  with  regard  to  the  younger  and  full* 
grown  valves  seems  to  hold  good  for  the  left  valve  too,  though  it  may  be  probable 
that  young  specimens  are  a  little  less  elongate  than  tull-grown  ones;  if  the  indices 
aie  ananged  in  aaeendbigonkrthe  foUowing  table  ia  obtained 

Index   .      .      .    14S    t  «t    1-44    1  45    1-4S    1-47    1-48   I  M  160  I'Sl  1-68  I  BS  I  M  I'M 

Naraberrf  ipMlBnt       2        1      1  111 

Into    .       *       .     l-5«     1-57     1-68     1  69     1-60     161     Vt»    1«3    164    IBS    1  flfl    1-S7  1«8 

3    1        1    2  1   

.    IM    1-70    \-7l    1-71    1-7S    1-94    l-fS  179  1*77  178  178  1-80  1-81 

•««  1  •!>  ass  ■•■  \        •■•        »•  w        aas  \ 


So  for  as  can  be  judged  from  these  figure  which  owing  to  the  large  and  fire- 
qnent  gape  might  be  eoaaideced  aa  not  sofleieiit  to  diaw  any  eonduiona  &mn  the 

amplitude,  the  index  L/II  is  a  large  one,  ranging  from  1'42  to  1  81  ;  the  mathemati- 
cal average  would  therefore  be  1*605  and  calculated  one  1-582,  the  former  being  as  ia 
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the  case  of  the  light  valre  alightly  luger.  Ihe  fotmnla  of  miation  mold  thee^ 

fore  be — 

1-Hl  (M05auth. 

Now  if  Loth  fonnnlB  are  oompared  some  rcmarkahlo  features  are  nvealed 
which  in  my  opinion  arc  not  merely  accidental.  In  tho  first  instance  we  soo  that 
the  amplitude  of  variation  is  uearly^  the  same  in  both  valves  being  var.  H  aud  var. 
40  nqieetiTtly ;  it  it  Itarflur  anqnertioiiaUy  tiiai  in  the  right  T»lve  the  amplitoda 
includes  smaller  indieei  flum  in  Hio  left  valve ;  in  other  words,  the  l^t  valve  of 
tkiitpeeiet  it  gttteraUy  more  elongate  than  thi  right  one,  the  average  imdieea  being— 

{i-4M     ^  ^       {i-6n     ^*  ^ 

a  feature  which  is  not  so  easily  noticed  by  the  eye  only. 

On  the  basis  of  the  above  figures,  if  both  valves  are  considered  together  the 
fofmnlaof  variation  vould  be— 


1  81  i  1-580 

var.  67    I    aveiaea  < 

116  (1-50S  «sL 


The  species  would,  therefore,  have  a  very  lar^o  amplitude  of  variation,  but  it 
may  be  questioned  whether  it  is  justifiable  to  oombine  the  variatioaa  of  both  Talwa 
oonsiderins;  that  both  are  different  in  shape. 

It  idll  tiumtf ore  be  well  to  oontinne  the  plan  of  deseribing  eaoh  ralve  lepaiiataty. 

{(%)  Ri'jht  vnhe. — Tho  valve  Ls  very  stroni^ly  inflated  ;  in  ventral  direction  it  is 
so  much  infleut^<l,  that  it  nearly  booomes  globular.  The  umbo  is  very  low,  depressed 
riightly,  prosogyrie,  dioatfld  in  front  of  the  middle;  it  ia  very  inequilateral,  the 
pedal  xegion  being  abort  and  nmnisd,  the  sipihonal  ngim  patodooed  but  obliquely 
truncated. 

The  anterior  margin  is  rounded  aud  ptMlM  gradually  into  the  long  convex 
Tentnd  margin,  whieh  fonna  a  ahatp  pointed  an^  with  the  abort,  itraight  bnt 

oblique  posterior  mari,'in.  The  cardinal  margin  is  long,  angularly  broken ;  its 
anterior  portion  which  is  the  shorter  passing  gra<lually  into  the  anterior  niar^'ia, 
while  the  posterior  portion  forms  an  obtoae  angle  with  the  posterior  margin.  A  strong 
sharp  keel  ram  from  the  umbo  towards  the  posterior  comer,  on  its  dorsal  ride  the 
surface  is  steeply  inelinM,  Itut  slightly  concave  by  a  sharp  fufrow  wfaioh  lOns 
from  the  umbo  towards  the  middle  of  ihe  posterior  margin. 

On  the  anterior  regbn  of  the  shell,  L*.,  in  boat  of  the  Iceel,  tiie  flraamflntatlon 
consists  of  strong  rounded  ooncentrio  ribs,  sepamted  by  deeply  engiaTed  linear 
interstices.  The  ribs  are  a  little  irrejtilar  as  regards  strength ;  on  the  umbonal 
region  they  are  rather  thin,  but  increase  in  strength  rapidly,  becoming  at  the  same 
time  somawbat  nndnhtlnft  partiindariy  towaids  the  veotial  maigin. 

The  region  hehindthe  keel  ia  proridad  viUi  fine  oonoentriio  strin  only, 
of  flonoentho  ribs. 

It 
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The  binge  oonsuta  of  a  strong  hook-like  tooth  underneath  the  umbo,  CI, 
beUndwldeh  thewisadeeptriani^ar  dit;theieisarudiiuBaiu7  donga 

latWllIfll;  tlii  re  U  aho  ATeiy  rr.dinK  ntary  Lai. 

The  nuiscular  »cars  are  deeply  suiik,  the  posterior  bein^  the  larprer  one,  foondt 
and  anteriorly'  bordered  by  a  atrong  ridgo.  The  anterior  sciki  is  oTai,  set  on  a  Ifidgtt; 
the  pallial  impreeabn  is  atroDgfy  maorked,  not  aiuuaied,  rather  diitant  from  the 
margin. 

(6)  Jj^t  valve. — The  valve  is  much  loss  inflated  than  the  right  valve,  and  also 
lew  inoarvatad  in  rentral  direotkm,  but  the  ventral  maigin  affords  a  peouliaritjr 
iaaamnch  aa  its  ed'^n  h  bout  inwarda  at  a  right  angle, forming  a  kind  «{ led^  wlikdi 
rests  in  a  sTiviTc  of  th(>  right  valve. 

The  other  features  are  the  same  as  in  the  right  valve^  except  that  the  ribs  aie 
generaUy  weaker,  but  in  additloii  to  the  eoooentrie  ribi^  there  aie  ladiatiiig  rtiuB 
iwmwing  in  strangth  poiterioriy,  whidi,  however,  are  onlj  viaibla  on  eome  ^e«i> 
mens. 

There  is  a  deep  ligameuul  aovkut  having  in  front  of  it  a  rudimentary  hanily 
TiiiUe  OSa;  LpII  ia thorn-like^ modeiately  strong;  internal  dtaraeten  the  eame 
as  in  the  xigbt  valve. 

Zone  of  Area  iMMdi,  Kama. 

Zone  of  Parallelipipedum  protolartmotmm,  Kama. 

Zone  of  Fholas  orienlaiit,  Tbayetinyo 

JRemarla, — Corbula  tocialit  is  so  cloaely  related  to  Corbula  jtrototruneata, 
that  I  fint  oonaidemd  them  ae  identioal,  and  in  fast  if  only  the  right  Talres  wwe 
known,  the  distinction  of  both  species  wonld  be  exceedingly  difficult.  Oi^en 
comparison  of  well  presorved  specimens  one  would  see  that  Corbula  profotruncaia 
is  a  little  stouter  so  to  speak,  or  to  use  the  more  sciontifio  term  the  index  L/H. 
ii  generally  moeli  emaUer  in  the  right  Talre  of  Oorbulm  «0«jalj»  than  in  Oertulm 
protolrunrata.  Tho  chief  flifforonw  n^ts,  however,  in  the  ornamentation  of  the  left 
valve,  which  is  nearly  the  same  as  that  of  the  right  one  in  Qorbula  noei'ilit  in  nd- 
dition  to  being  nearly  of  the  same  size,  vrhilo  the  surface  is  smooth,  and  the  valve 
nmoh  BmaDer  than  the  right  one  of  Corbula  prolotruneata. 

There  is  no  doul)t  that  the  fossil  hero  deserihed  is  identiral  with  Corbula 
tocialia,  Martin,  from  Java.  Martin  states  that  the  ventral  maigin  of  both  valves  ia 
isflated*  a  statament  which  I  Tentare  to  question  however;  in  fcot  the  left  flgun  of 
]Iartin*8  figure  lOe.,  which  shows  the  internal  side  of  the  right  valve,  shows  distineUy 
the  same  sharp  line  whieh  ninr1<.H  the  hoiuidary  up  to  whieh  the  inflated  ventral 
margin  of  the  left  valve  reaches,  as  in  the  8i>eoimens  here  described,  a  Uae  which  oan* 
not  be  eonf  onnded  with  the  pallial  imprearion.  Morsover,  the  poeteriorly  inereaaing 
breadth  ot  this  band  is  well  dopieted  in  Martin's  fi;rure. 

The  nearest  living  relative  ia  Corbula  cratta  from  the  Andaman  Islands ;  in 
fafll  tfie  similBrilj  hetween  Hw  Hkioene  (hrhOa  9oeMi$  and  the  hving  Corbula 
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tratta  ia  so  great  th&t  botk  species  migtit  perhaps  be  oonsidered  as  idantioalf  if  the 
tame  diatingui&hing  features  ividoh  liad  been  notioel  in  other  speoiei  wove  not 
olMsnred  vHh  legaid  to  these  two ;  the  liring  spedes  ftpparaatlj  tMnSm  a  larger 
817,6  anii  the  shell  a  greater  thickness,  but  othorwise  it  is  exactly  the  same  as  that 
of  Corbula  tociali* ;  jrouog  specimeiu  of  CorbiUa  eratra  must  be  perfectly  identical 
irHli  OoriHtm  woeMit,  nd  it  k  quite  obviow  that  the  liring  apwiet  it  the  dizwfe 
daMandaatof  the  MiofloiB  (hrMm  MoiaUk. 

OoaxoLk  »v«<MA,  Sowerbj,  PL  ZTI,  flgai  8, 8a,  9, 10^  IAm. 

IfBAsrsntiNTB. 

(•)  Bight  rain.  ,  (»)  hett  ralv*. 

Length.  Hcixhi.      VH.  {  Leagil.  Hcigkt.  L/H. 

(1)   lU^mm.  .  11mm..  1-«B  j  (1)    8-0  urn.  .    &'l  no.     .  l-M 

tl)    M  «  .  M  .  *  I'M  I 

The  shell  is  of  smill  lin.  reif  uearHjr  «qaiTalT«t  tiie  left  vtift  bong  dightt^ 
mailer  that  the  rii^ht  one, 

(0)  Bight  valve. — The  right  valvo  is  traosroraely  rhotnboidal  ia  shape,  the 
longililiang  Mmewiiat  inaxoen  of  the  height  the  indw  I^H  is  apperent]lh|r  not  my 
Ugh,  and  the  valro  is  not  very  inequilateraL 

The  umbo  is  depressed,  aomewhat  flatteoad  anl  prosogjrrio,  situated  alightljr  in 
bont  of  the  middle  line. 

The  pedal  legiaii  ia  short,  braadlj  aoanminated,  the  riphowd  Mgion  a  little 
longer  expanded  but  trnncati'il. 

The  anterior  margin  is  roimded  and  passes  gradually  into  the  straight,  onljr 
slightly  oonvez  'nabai  nia^n  irhioh  forau  a  sharp  angle  ol  about  60*  witii  the 
straight  and  oblique  postorior  margin.  Cardinal  margin  rather  long,  the  anterior 
portion  is  yentrally  inclined  and  passes  irradually  iutu  the  anterior  margin,  the 
posterior  portion  is  straight,  nearly  parallel  to  the  ventral  margin,  forming  a  Teiy 
obtoaa  angle  trith  the  poatarior  naxgin. 

Aaharp,  straight,  slightly  rounded  keel  runs  from  the  umbo  toward*  the 
poateiior  comer  ;  the  area  behind  it  is  moderately  inclined  and  slightly  conoare. 

Doring  the  nealogic  stage  the  surface  in  front  of  the  keel  is  smooth  and  exhibits 
otnty  a  few  fine  aanoenMe  itriie  extending  oror  the  whole  of  the  surCaoe,  inoludin^ 
the  posterior  an-a,  as  can  be  juel<»«d  from  tho  ornamentation  of  the  umbonal  rtM^ion. 
After  the  shell  has  reached  a  height  of  about  3  to  4  mm.,  concentric  angular  ribs  of 
eonaiderable  strength  appear  saddenly,  tendnatiag  abruptly  at  the  poatenor  kael ; 
the  ribs,  which  arc  equidistant,  are  separated  hy  braad  ooncaTe  intenthm;  the 
piaterior  area  exhibits  only  a  few  fine  conc<>ntric  lines. 

Characters  of  the  hinge  and  internal  features  not  known. 

(1)  £«/f  fofof.— The  left  Talre  which  aa  alraady  ataied  ia  dlghtly  amallarthan 
the  right  one,  is  of  exactly  the  same  shape  as  the  former ;  tho  only  difference 
whieh  aaema  te  aExiikt  liea  in  the  oroamffiitation,  inaamuoh  aa'  the  greater  part  at 
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the  surlace  is  corered  with  fine  concentiic  hues,  while  the  strong  ribs  only  appear 
tHotb  to  fho  Twinl  iDBi|gfai> 

Characton  of  the  hinge  aiid  mieiiMl  faataM  not  kunru. 
Otological  oeovrrenee. — 

Zone  of  MytUut  nicobarieuM,  Singa. 
Zone  of  Mtloewr^  mtUMiigoritt  Saga. 

Retriarl-g — Gonnrnl  shnp;  and  ornamrntation  aijrw  so  woll  witli  Sowcrby's 
Corbula  rugota  from  Sind,  that  although  hia  figore  is  somewhat  dcfeotiye,  I  have  no 

an  identical  wiih  iluMe  from  Siiid.  lam* 
howorer,  not  in  tho  position  to  say  whether  Oorbula  rvgota.  Sow.,  and  Corbula  rugoga. 
Lam.,  are  really  identical.  Roeve  does  not  mention  a  Corhvta  ntfiosa.  Lam.,  and  I 
cannot  suppress  some  doubts  as  to  the  correctness  of  James  de  Carle  Sowerby's  deter* 
mination  ;  in  faet  I  isthflr  fed  inolined  to  tUnk  tiiatlMlli  speolea  are  not  idantioal, 
a  question  which  cannot,  however,  he  settled  yet.  If  my  view  should  eventually 
pxOTo  to  bo  correct,  it  must  be  understood  that  the  speoimena  from  Burma  are 
identical  with  Corbula  rugo$a,  Sowerby,  but  not  with  Oorbula  rugota,  Lamarck. 

Osrdnbi  ruffota.  Sow.,  ia  «aail|'  diitingaialied  hj  its  anall  aae,  iti  more  or  leas 
rbomlioidal  shape,  but  pnrtioulaity  by  its  oraammtation  aa  noma  ol  the  other  ipedea 
eidubit  similar  angular  hbs. 

Amcng  losril  ipedea  tin naaieit  zailititiTnu  Ooriulm  oMtieo^  Mart.,  from  tiw 
MincL'ue  of  Java ;  in  fact  I  believed  at  fint  tiiat  the  two  specimens  were  identical, 
but  on  closer  examination  som<!  difTercnces  were  noticed,  which  justify  a  spcciQc 
separation.  In  Oorbula  aeuUcosla  the  strong  concentric  ribs  extend  from  the  umbo 
inTential  dfreotion  all  orer  iheanteiioar  port  of  the  aorlaee ;  in  OMularugotm 
they  do  not  appear,  but  for  some  distance  from  the  umbo  ;  the  shell  wa-s  tlierefore 
more  or  less  smooth  during  the  nealogic  stage,  wluie  it  was  oraioentrically  ribbed 
during  the  same  period  in  Corbula  acuticotta. 

Martin  fortlm  mentioiu  thai  in  Oorbula  awUeott*  tiie  riba  tecminate  In  vay 
characteristic  nodules  on  the  posterior  keel,  a  feature  which  is  not  esllibited  by  any 
of  tho  species  examined  by  me  ;  it  must,  however,  be  remarked  that  in  none  of  them 
this  particnlsr  part  of  the  teat  waa  iwioBrTud  and  tliat  thereiara  Hie  non«obMrTation 
of  tliis  character  does  not  prore  its  non«eziatenca 

A  much  more  important  difTerenne  would  be  found  in  the  ornamentation  of  the 
left  valve.  In  Corbula  acuticotta  the  ornamentation  of  tho  left  valve  exhibits  strong 
ribs,  irldle  those  of  the  right  are  moeh  weaker;  it  is,  liowefw,  diffioolt  to  jndgie 
with  some  accuracy  about  this  oharaotcr,  because  Martin  figures  only  a  right  valve, 
and  as  this  exhibits  stronfj  rib?;  all  over  the  surface,  thoee  of  the  left  valve  must  be 
TBI17  thick  indeed,  and  the  appei^raucu  of  tho  left  valve  would  therefore  oonaiderably 
differ  from  that  of  tlie  same  Talve  of  GorMSa  ra^m«.  Sow. 

Taking  everything  into  consideration  it  cannot  be  denied  that  there  (>^n{%  a  elose 
relationship  between  the  two  speoies,  although  dilEerenoes  had  to  be  recorded  which 
render  a  spedfie  idsntifloation  imposaible. 

I  cannot  iind  any  living  relatives,  as  those  speoies  like  Corbula  mode$la  of  tha 
Indian  Ocean  have  a  atrongly  libbed  left  valve^  a  fteture  whieh  ia  not  deraloped  in 
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CorbvU  rvgota.  This  wjftmm  fsgnmmtt  therefore  a  type  6KtiE0t  among  the  fnutt 

of  the  Indian  Ocean, 

CbtsmA  noiovBinraAVA,  cpee.  nor.,  PL  X7U  ilgi*  6,  a-«,  7,  okI. 

laN.  Obf<«to  toy,  HtHl^  MiiwM  tm.  ot  TTppw  B—.       qrfif ,  fcmy  «t  laUl,  TJ.  XX7I1. 

Ptl.pl.  V,  £k.|,*«. 

MBAsuBuanm. 

UOBBh  .lOSmk  .l'B» 

ThoiiE^h  of  rather  fraquent  occurrence  in  some  beds,  well  preserved  apecimons 
aro  raro,  so  that  I  suoucodod  in.  getting  the  measurements  of  a  liDgle  right  valve 

The  shell  is  rather  ineqnivalve,  the  right  valve  being  mooh  laigw  than  tiie  left 
one,  in  aiMitinn  to  it  beintj  differently  ornamented. 

(a)  Jlujht  talve.— The  right  valve  ia  triangular  in  shape,  and  as  there  is  gene- 
nUycmlya  nuU  diffcBOMw  betwwn  ilie  kngih  and  heighi  ilie  ^ 
MntiyOUljrBIBftil  and  the  valve  afTonls  a  peculiar  short,  antero-posteriorly  fompressed 
ahape ;  it  is  rather  strongly  inflated  but  a  little  flattened  towards  the  umbonal  r^on. 

The  umbo  is  low,  pointed,  prosogyrio,  and  strongly  inonrvated,  situated  slightly 
m  front  of  the  middle  line. 

The  shell  is  very  inequilateral,  the  pedal  region  bdng  Bliact»  mondfldf  the 
npbonal  region  short,  attenuated  and  obliquely  truncated. 

Tlie  anteiiar  inaigiin  la  A<)rt,  ibonded,  poialiig  giadaalfy  into 
ventral  margin;  the  posterior  margin  is  oblique,  very  short  and  forms  a  dharp  pointed 
angle  with  the  ventral,  and  a  slightly  obtuse  ansfle  -srith  tbo  cardinal  mar^n. 
Cardinal  margin  lung,  curved ;  the  anterior  portion,  which  is  the  shorter,  j^-dLnmca 
gradually  into  the  anterior  margin,  while  the  somewliat  longer,  posterior  poartioa 
forms  a  sharp  ansle  with  the  posterior  margin. 

A  sharp  sinuatod  keel  runs  from  the  umbo  towards  the  posterior  ooineri 
separating  a  narrovr  postnior  aiea  from  the  larger  anterior  r^on ;  the  posteiiar  aiw 
trldeh  drops  nearly  perpendioulariy,  is  sUghtiy  concave,  and  bears  a  deep  and  sharp 
furrow,  which  nins  from  fho  umbo  tonranla  the  middle  of  the  posterior  margin.  The 
ornamentation  consists  of  concentric  rounded  ribs,  which  quickly  increase  in  strength 
tmraids  the  Tontml  maigin;  at  the  timbooal  part  of  the  shdl  llie  riba  we  icnighb 
but  Tery  soon  they  become  strongly  bent  in  ventral  direction,  ow'mi:,  to  the  curvature 
of  fhn  hIipII  ;  the  ribs  tcmninntc  suddenly  at  the  keel,  and  on  thy  pcsterior  area  only 
numuruuti  line  concentric  i^thie  are  visible.  The  interstices  are  nearly  as  broad  as 
tiia  xibe  and  lather  deep. 

The  hiiii,'e  consists  of  a  very  stront:,  hook-liko  tooth,  CI,  which  is  strongly 
curved  upwards  ;  there  are  no  signa  of  any  laterals.   The  muscular  soars  are  well 
marked;  the  posterior^whlBkii  the  ]Bigflv<iaMt is  xoond*  the  anterior,  whio^ 
■naUar,  ii  OTaL  FellialiminMlottitM»v1yiiitthed;ilmii^hinH««rtiio4^ 
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{b)  L^t  wdve. — While  right  valves  were  rather  frequent,  only  a  single  left  valve 
baa  oome  under  eisiiiinatioii,  and  wna  this  is  very  poorly  pveserrod.  All  fhat  can 

be  said  is,  tbat  it  was  much  smaller  than  the  riirht  valve,  triangular  in  sh&pe,  the 
pedal  region  very  short  and  rounded,  tho  siphonal  a  little  !on<,'er  hut  att<inuattMl.  So 
far  as  can  be  judged  from  this  single  speoimon,  the  surlace  was  perfectly  smooth* 
nnapt  Mmw  flue  <bte  at  gnwlh. 

Zone  of  Diotie  dubiota,  Yenangyat. 

Zone  of  Paracjfathut  eaerulem,  Yenangyat. 

Zone  of  Area  ikeobaUii,  Kama. 

XfHMrto.— Ifided  bj  Mems.  d*  Arciiiao  and  HaimePe  flgare  I  originally  believed 
tiiiespeaiee  to  beidentioal  with  Oorbula  harpa,  but  I  havesinoo  oonvinoedmjeelf  fbat 

this  species  which  occurs  in  the  Cardila  beaumonti-hiyl  of  Upjx  r  Crt'taocrtus  a»e  is 
diiterent  from  the  species  here  under  examination.  Mr.  i'odden  had  alruaUy  stated 
Ibai  Ccrftiile  karpa  me  leatrieted  to  the  BaniUiot  and  Upper  Cntaoeoiu  beds,  bat  om- 
sidering  the  great  t-onfn-ion  with  rusrard  to  the  geological  horizon  of  the  fossils  described 
by  Messrs.  d'Archiau  and  Haime.X  did  not  repudiate  the  poatibility  of  Corbula  harpa 
eoeazriAg  perhaps  in  higher  Tartiaij  bedi,  Aa  I  ban  linoe  bad  aa  opportunity  of 
^Tamimiig  the  true  Oorb^  harpa,  I  may  aafdj  aaj  tbat  tUi  apeeiee  ia  limited  to 
tbe  above-mentioned  bods. 

The  speoiflo  determination  of  this  species  afforded  great  diMoultios ;  in  tho  first 
imtauoe  the  right  ralre  bean  a  great  aimilarity  to  Cotbmta  mteiaUt,  Ibrt.  a  similaf 
ity  which  is  so  great,  that  only  with  difficulty  both  ipeeimens  can  bo  scpamted  when 
isolated  right  valves  are  examined.  In  fact,  it  is  nearly  impossible  to  distinguish 
Tar.  1*25  to  of  Corbula  aocialis  from  speoimena  of  Corbula  prototrutKaia  having 
a  nidlar  index.  It  maj  peibapa  lie  mid  ibat  the  ribe  of  Coriutm  pntMnmeata  are 
a  litUe  eoann',  a  featare  which  is,  however,  very  deceptive. 

As,  however,  the  left  valves  of  both  species  are  widely  different  with  regard  to 
general  shape  and  ornamentation,  it  is  obvious  that  the  two  species  are  different. 

ftofoMor  MactiB  bai  described  fiiam  the  Mbeene  of  Java  under  the  name  of 
Corbula  8caphoidt§t^biAf^,  n  ^jwoit^*  which  boars  such  a  grejit  likeness  to  the  Burma 
•peoi«s  that  I  ibet  tras  inoUned  to  consider  tham  as  identical,  but  for  the 
following  CMHOitt:  (1)  Oorbtda  $eaphoiae»,  Miart.»  Mcma  to  be  bigger.  (2)  In 
Corbula  tcttphoiden,  ]\Iart.,  tho  unibonal  region  of  the  loft  valvo  shows  ooneenbiB 
libs,  a  feature  which  ia  certainly  not  observed  in  tho  specimens  from  Burma. 

Professor  Martin  states,  however,  that  the  right  valve  of  Corbula  tcapkoidnt  some- 
timee  beoomee  periaetiy  amootb  (eee  flgv  199).  Hay  not  the  eame  apply  to  tbe  left 
valve  also  ?  If  this  be  the  case,  and  if  specimens  of  Corbula  prolotruttcata  were 
found  which  exhibit  concentric  ribs  towards  the  umbonal  region  of  the  left  valre> 
this  species  should  be  considered  as  identical  with  Corbula  acaphoidet,  Martin. 

I  eammt,  bowvnr,  agree  with  ftd.  Hartin,  ideatiilea  the  apeoiee  dewribed 
by  him  with  Corbula  tcaphoides,  JWwU  ;  tho  fiLrure  which  Reeve  gives  of  this  species 
diilen  n  widely  from  that  of  Prof.  Martin,  that,  notwithstanding  the  somewhat 
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crude  picture  of  tlie  former  species  as  givea  by  B>eeve,  the  differenoe  is  at  oaoe 
obrunu.  In  addition  to  this  Reeve  states  distinotly :  *'  interstices  oanoellated  iriih 
mmute  Imgitodinal  strite."  So  prominent  a  feature  could  hardly  be  orerlooked  hj 
such  n  careful  oxaminer  as  Prof.  Martin,  and  I  venture  to  believe  that  thellTing 
specimen  of  Corbula  tcaphoidet  from  Hongkong  which  ProL  Martin  ezamiiMd  was 
not  idoiilioa]  witii  Hinds*  speoies. 

Another  species,  which  appears  to  be  closely  related,  is  Corbula  temUorta, 
Bcettir.,  from  tho  Lower  Micceno  of  Java,  but  unfortunately  only  the  right  ralve  of 
this  8po(.uc8  is  known,  and  unless  it  is  proved  that  the  left  valve  of  Corbula  temtorta 
is  imooth  like  tiiat  of  Cwiuta  proMrmMota,  it  ia  peiriiapaljettar  tokeepbotli  qpeoim 
srpnrnto.  If  the  above  assumption  sliouM,  however,  prove  to  be  correct,  the  spedBo 
name  i-roloiruncata,  Noetling,  should  be  substituted  by  temitorta,  Boettger. 

Among  the  living  specifli  CorMa  tmnetttot  Beeve,  bom  the  Andaman  Idaads  is 
ao  ohMe  a  rdaiiTO  that  t  first  oonndered  both  species  as  identical :  on  oomparison  I 
found,  however,  nome  differences  with  re^^ard  to  the  sculpture  of  the  left  Talvs,  whiob 
though  voiy  insigniticant  could  not  be  disregarded. 

'  In  Oorbvta  proMrmne^  the  left  Talve  appears  to  be  amoodi ;  in  €Mul9  ln»> 
eata  the  umbonal  region  of  the  left  valve  is  smooth,  and  after  a  certatn  height  haa 
beeu  reached,  concentric  ribs,  like  those  on  the  right  valve,  make  their  appearanco ; 
they  continue  for  some  timei  till  the  shell  has  reached  a  height  of  about  6  mm.  and 
fhoi  aodddkily  ^Usoontiniie,  being  replaoed  1^^  an  imigalar  lort  of  JUhmmn 
ornamentation ;  in  fact  it  R<^oms  a<^  if  the  Teotral  pOOCtioa  of  the  ]«ft  Tal?e  OOUistad 
chiefly  of  laminous  layers  of  epidermis. 

It  IB  flwrefora  qoite  oertain  that  the  nealogic  stage  of  O&rhiio  franeofe  ia 
Mwit'""1  with  the  Miocene  Cu>  bula  prototrunoata  and  that  the  former  is  a  diseot 
descendant  of  the  latter,  the  loft  valve  having  erolTedaome  ohnmctera  whiob ' 
not  developed  in  that  of  the  Miocene  species. 


Family :  PHOLJDJi,  Leach. 

Qcnus :  FHOLAS,  linnd. 
Two  species  have  been  described  which  can  be  easily  diatinguiahod  as  foUowii-* 

A.  ShsUalaiiost  dosed,  not  tinnttsd  at  the  antarioriosigin. 
1.  PMantUiMIU,  GiBsliB* 

Bb  nbdl  wid«Iy  gaping  tnd  deeply  onoslsi  at  fhs  autaBsr  BBign. 

i.  tholat  b'a'fordianut,  s^*^.  nov. 

The  fint-named  speoiea  is  identioal  with  the  speoies  of  the  same  name  inhabit* 
ing  the  loidiin  Oseaa,  wUk  JMm  UtmfMtkmm  rspmimtt  ta  eiitlaat  tgrpa 
wUeb  haaitaiMtMetliTiaf  wlaliTOim  Piotoa  mwritf^, Sow., firam  tlier 
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FiioLAt  ORUVTiLLis,  Qmelin,  PI.  XVI,  tigs.  11, 11a,  12, 12a. 

BlgU  whv  .  6S'l  mm.  .  le-S  mm.  .  $-U 
Uk  .  Mrs  •  .  IM  •  .  »» 

The  shell  is  very  tran8Terf«l7  elongate,  triangular  io  shape,  the  length  exoeedl 
the  height  to  such  an  extent  that  the  index  L/H  exceeds  8  ;  unfortunatelv  the 
tpecimeoa  are  seidom  well  preserved,  therefore  the  measurements  of  two  specimena 
only  oould  he  telam ;  it  to  eqnivilve^  modentdy  inflated  and  Tery  iaequilateral. 

The  umbo  is  somewhat  inflated,  but  atnmgly  incurrated  and  situated  mueh 
in  front  of  the  middle  line.  The  pedal  rei^ion  is  short,  ^wmntiinate^  the  tiphoaal 
region  extremely  elongate,  strongly  accuoiinate. 

The  anterior  margin  is  shorty  loonded,  passing  gndnally  into  the  long, 
slightly  convex  Ventral  ninrfjin  ;  the  posterior  margin  is  short,  rounded,  passing 
gndnally  into  both  Tentral  and  cardinal  margin  ;  the  latter  is  very  long,  angularly 
hNikeo,  inequilateral ;  the  posfearior  portion  is  straight,  strongly  ventially  inclined 
and  inaoh  longer  than  the  anterior  portion  ;  the  hitter  is  very  ahort,  slightly 
concaTe  and  somewhat  steeper  ineliued  in  TentcaL  diieotion.  Tlie  shell  waa 
apparently  anteriorly  open. 

The  oniaaientation  oonsists  of  ahoot  26  to  27  imhrtoated  ladiatuig  ribs, 
which  cover,  however,  only  a  little  over  the  anteifw  half  of  the  shell.  The 
posterior  part  of  the  shell  is  apparently  smooth,  except  for  nomerons  closely 
set  concentric  strito  of  growth,  but  seen  under  a  magnifying  lens  it  will  be 
aotlfiad  that  it  is  oonred  with  oonntleas  minute  grannlss  pndaeiog  a  kind  of  diagrin- 
like  appearance 

Internal  characters  and  dorsal  valves  not  observed.   Test  very  thin  msasiiciag 
ant  more  than  0*17  mm.  in  thictoMSB. 
Omloffieat  ooeurre»et. — 

Zone  of  Pholan  orieutalis,  Thayetmyo. 
Jiemarit, — It  may  seem  venturesome  to  identify  this  species  with  a  recent  one, 
without  the  dorsal  Talves  being  known,  as  the  specific  determinatioo  of  the  Pholadid» 
depends  so  much  on  this  character.  I  hav^  however,  eoBvbioed  myself  from 
comparison  with  the  living  species  that  the  Miocene  specimens  can  in  no  way  he 
distinguiabed  Irom  Fholot  orientalU,  Qem.,  inhabiting  the  Indian  Ocean. 

No  ipeeies  of  PkoUm  has  hem  known  from  the  Bnmalm,  Java  or  Western 
Indin  Tevtlary  formation. 

Pbolas  MskvioBmASVit  spec  no  v.,  PI.  XVI,  figs.  1^  18a,  14^  14a, 

MltA»OKSMKKTS. 

LiBgtlu         ««I(W.  L/R. 

I*ft  valre    .    52-0  trim,    •  QLixu    •  9'67* 

The  shell  la  elongately  wedge-shaped,  oonsidambly  longer  than  high,  the  ^ndftx 
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L/B  is  therefore  rather  high;  it  is  strangly  ioflatod  and  rerjr  inequilateral,  ante- 
riorly gaping. 

Tbe  umbo  is  low,  dejmeaed,  attoated  rather  eloee  to  the  anterior  margin. 

Pedal  region  short,  accuminatcd,  siphonal  ro;»ioi»  very  flont^aN',  sliirhtly  riMu- 
minated,  tnmcated.  The  anterior  margin  wliioh  forma  a  sharp  pointed  angle  tvilh 
the  cardinal  margin  ia  ihort»'deepl7  sinuatad  and  foroit  an  obtuw  angle  with  the 
long  almost  itraight  ventral  margin;  poiterior  margin  short,  rounded,  cardinal 
margin  lon^,  ancrularly  broken,  the  anterior  part  ver/  short,  the  posterior  port 
long  and  ventrally  inclined. 

A  deep,  narrow  furrow  runs  from  the  umbo  parallel  to  the  anterior  portion  of 
the  cardinal  margin,  towards  the  junction  of  caniinril  and  anterior  margin. 

Almost  the  whole  surface  of  the  shell,  except  its  hindmost  portion,  is  covered  with 
fine,  nodose  radiating  ribs  separated  by  broad  flat  interstioes ;  besides  tbe  ribs  there 
are  nnmeroua^  somewhat  irregular  strim  of  growth,  which,  in  conoordanee  witli  the 
anterior  gaping  of  the  shell,  are  itoongly  bent  in  doraal  direction  on  the  siphonal 
region. 

Doreal  valves,  ebaraoter  of  the  h!oge  and  internal  featores  not  obsemd. 

•  thotoffioal  occurrence — 

Zone  of  Pliolas  orientali«,  Thayftniyo. 
Remarka. — This  specios  is  easily  distinguished  from  Pholat  orientalii  by  its 
Kiddy  gajdng  pedal  region,  a  deeply  sinuated  anterior  margin  and  a  deeply 
Mcavated  surface  below  the  anterior  jiiirt  of  tho  <;ardiiial  mar^jin. 

Among  the  living  species,  F/tola»  manilla.  Sow.,  from  the  rbilippiae  Islands 
seems  to  be  a  very  close  relative ;  the  general  shape,  the  deeply  sinuated  pedal 
region,  being  excavated  towards  the  cardinal  margin,  an  laatOVBe  which  are  well 
represented  in  JPholtu  manilt<r ;  having,  however,  no  sjiecimens  of  this  spooiea  for 
comparison,  I  must  refrain  from  drawing  further  conolusions. 


I.  dass:  GiMKffHORA,  FiKher. 

1.  BobHiIass :  SCAPHOFODA,  Bronif . 

Order;  SOLBNOOOlTOHiEl, laeam  DntUers. 

Genus :  DEiN  TALI  U  M,  Liuue. 
Vwo  ipeeiea  of  this  genus,  whioh  an  eaitily  distinguishable  horn  eaoh  other, 
havtt  iimw*  ondet  examination.  Ibovgh  both  are  only  preserved  in  fragments  it 
almost  certain  that  they  were  not  provided  with  a  fiasore  at  the  posterior  end. 
The  two  species  can  be  distinguished  as  follows : — 

A.  Shell  of  l>rge  size,  longitafinal  ribs  naflMNOi^  net  leu  thsn  ML 
I.  LtnUliumjuwfiniai,  K.  Martin. 

B.  SbeU  of  inull  sin,  longitudinal  hbs  few,  not  mors  tbfta  IS. 
t,  JhaMiesi  imtlgni,  spee.  nor. 
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Dentalium  juHghukni  is  identical  with  Dentalium  magnifieum  from  the  Indiaa  - 
Ooe«ii,  wbik  no  livhig  or  foHi)  Motive  of  DvttdUm  hcsUgtH  oonld  be  diioovBnd. 

DnrrAiami  MVtmjmm,  K.  liUtrtfa,  PI.  XVII,  flgt.  1,  a-(,  9, 9, 

VmJ»,  IhmUKmmimm§Mmi,  K  HHttn.  Tn^iani'ta.  unf  Jav..  p.  87.  pi.  XII,  ig.  IL 

Um  „  BmHhh,  Di*  Tnrtilucfuim.  von  Snmatn,  Pklcontogr.  SnnL,  V«l.        yi,  Ml 

I!l.XII,fie*-S.«-^>6(»«<>7)-  * 
Un47.  «  S.  IbrtiB,  Tliflrabr.  Kof         B(i.t«.  m  OmL  Oit  Imib  lal  AartnBwih  M 

HT,  T«i.  ni.  ^  IK.  pL  X,  III.  ua,  uiL 

If 0  complete  speebnen  ifl  prnMrred,  but  to  judge  from  the  largest  fngment 
vhich  measaree  81  mm.  in  leogth  and  5  mm.  in  diameter  at  the  upper  end 
the  shell  mu^t  hare  attained  a  considerable  h  nurth.  It  npnenrs  tliat  it  is  rcry 
slightly  curved,  almost  stnUKlit,  the  section  being  rounded  at  the  upper,  but 
dbtinctly  bexagonal  »t  the  lower  end.  The  NirfBoe  is  oovwed  witb  strong  longi^ 
tudinal  ribs  of  which  there  appear  to  be  six  pritnnry  i  n^a ;  on  the  flat  mti-rsticee 
finer  ribs  begin  to  appear  which  soon  reach  the  strength  of  the  primary  ones ;  at 
the  same  time  the  angular  seotion  oh&nges  gradually  into  ft  tound  one,  and  the 
Utrgert  fragment  trbieh  ii  perfeoUy  cyliadrii»l,  been  nbont  26  strong  rounded 
longitudinal  (ibs,  while  in  the  iaterstices  finer  onc<>  are  viaible.  Tbo  loagitadiiial 
zibs  are  crossed  by  nuiui  rous  closely  set  striso  of  growth. 

Qeolog^al  occurrence.'-' 

Zone  of  MtHht  njooter^Mir,  Singii. 

Zone  ol  ParMMpipediim  prototortnimim,  Kama. 

Jiemarki. — The  larger  size  and  the  larser  number  of  longitudinal  ribs  readilv 
distinguish  this  species  from  Dentalium  beeUgeri.  The  oharacters  of  the  species 
here  deieribed  ace  enentially  the  aaoM  as  those  of  2>«tiiefj«M /mi^AmM  as  flgored 
and  described  by  K.  Martin.  As  the  posterior  part  of  the  shell  was  apparently  not 
knuwn  to  ^lartin,  ho*  could  not  tbersfoto  observe  the  gradual  change  in  the 
ornamentation  as  above  described. 

DsNfoliiNis  saftrMliMi,  K.  Uartitt,  bom  Java  seems  so  doselj  related  to 
])eHtaUum  junghuhni  thsit  it  is  doubtful  to  me  whether  a  specific  separation  is 
justilied.  In  fact  the  type  of  JJfnMium  junghukui '  seems  to  me  mucli  nearer 
related  to  the  type  of  Z^snfaluMi  «K6fWfwm  than  to  l>euMium  Junghuhni  figured 
and  described  in  the  same  paper  *  with  the  original  of  Dentalium  junghuhni. 

Bcettger  was  apparently  mistalcrn  in  considering  the  small  specimen  fi<r.  7 
as  the  posterior  part  of  Jientaiium  junghuhni,  as  this  species  never  exhibits  eight 
but  only  six  primary  ribs.  I  beliefo  Bfflttger's  fig.  7  to  be  identfeal  witiia  new 
apedM  which  I  desoribed  on  the  following  pages  as  J>entalium  bcettgeri. 

Havin<:  been  able  to  compare  Dentalium  magnifieum  {rom  the  Indian  Ocean 
I  can  state  with  certainty  that  it  is  absolutely  identical  with  the  species  here 
described,  and  aa  I  consider  tbis  identleal  with  J>MfaiiM»/Mifft«kflf,  tUa  name 
ought  to  Biiperaede  the  more  recent  one  of "  magnifieum,** 

>  Tutor,  anf  Jan,  fi.  Zll.  if.  U. 

*  nia<te.«f  ^vLZ,ii|».iB>.ui. 
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I>BKTAUUIC  lUBTTGXSI,  speOi  MT^  PL  XYXI,  fig.  1,  a 

Only  fragments  of  tbis  species  have  come  under  examination ;  tho  largest 
measures  about  10  mm.  in  length,  and  2'3  mm.  in  diameter  at  the  upper  end.  The 
•hell  wkbk  doM  not  Meoi  to  have  attained  a  Uagb  else  ie  sltghUy  enmd,  angolar 
at  the  posterior,  and  ciroolar  at  tlie  nnterior  end  ;  it<<  thickness  decreases  at  the  same 
time  towards  the  anterior  oiaigin  which  is  sharp  and  cutting.  The  surface  bean  8 
lonnded,  strong  longitudinal  ribs,  separated  by  flat  intersticea  of  equal  breadth  in 
irbioh  a  seoondary  rib  makes  its  appearance  at  about  half  the  length  ef  tiie  dwU 
Attaining  the  strength  of  the  pdmaiy  ribs  tovaids  the  margin. 

GeologiotU  oocurrmee.— 

Zone  of  Area  tkeobaldi,  Kama. 

Stmaritt.-'UbSa  epeoiee  is  easily  distingniahed  from  J>tmfalium  junghuhni  by 
ita  smaller  size  and  the  smaller  number  of  ribs  towaida  tiie  anterior  end,  the 

difference  in  tbo  clinrnptor  of  tlie  ornamentation  may  be  expressed  in  a  few  words.: 
in  Dentaiium  boettgeri  there  are  a  larger  number  of  primary  ribi  (8)  than  in 
JtmdaUvm  Jurngkahiii  wheee  there  are  oolj  air,  bvt  ia  the  latter  species  there  an  a 
higer  number  of  se<^oni?nry  ribs  in  (lie  interstices,  four  to  five,  while  in  the  former 
time  is  only  one.  Dentaiium  boettgeri  which  bears  a  great  resemblance  to  Dentaiium 
Uftagomtm^  Boettgw,  asdeseribed  byK.  Martin,'  may  perhaps  be  identical  with  tbis 
species  inaamuoh  ae  it  aacUbits  eight  kngitadinal  ribe,  but  as  the  other  dneaeter 
of  Dentaiium  ocfagonum,  tbt^  appearance  of  on©  secondary  rib  in  the  inter- 
stices, is  neither  iigured  nor  mentioned  by  K.  Martin,  the  specific  identity  may  be 
doubtful. 

X>entalium  octagenmm  is  certainly  different  from  the  type  of  Dentalitim  hepta- 
gonvm,  Bcettger,  which  is  chnracterised  by  s^ven  primarj  ribs,  the  interstioee  oC 
which  remain  smooth  without  any  secondary  nbs  making  their  appearance. 

On  the  other  hand,  it  seems  to  me  that  in  the  deseription  of  JkmMkm  Jmf 
ghuhni,  Ba-tt'^cr  has  mixed  up  two  different  species  by  oonsideiin?  tbo  fragment  fig. 
7  as  the  anterior  end  of  that  species ;  this  fragment  agrees  perfectly  in  regard  to  its 
ornamentation  with  Denfalimm  hmtigeri  from  Burma,  while  the  posterior  end  of 
DetUalimmJunghiikmi  asobserred  by  me  in  specimens  whieh  unquestionahly  belong 
to  this  species,  never  shows  ei'jht  but  only  six  primary  ribs. 

A  comparison  with  living  species  seems  almost  out  of  question  unless  the 
epedee  «aa  he  Mtnallf  oompaied  and  examined.  BeeFeP^s  flgores  and  descriptions, 
thongh  pechapo  saflloieat  for  the  Oonohyologist,  are  very  unsatisfactory  for  palmm- 
tologicnl  purposes.  It  seems  to  me,  however,  that  Dentaiium  p*eudohexagonum, 
Dos.,  from  Java  is  closely  related  to  Dentaiium  boettgeri.  In  fact  if  there 
irme  instead  of  six  primaij  riba  ae  indieated  bj  the  name,  eight  as  iadieatsd  hjr  the 
f  gure,  tbe  Miocene  speeiM  abonld  heooBsideredidentleal  with  the  Bting  DeaMtem 
pteudokitxogonum. 

JUtMkm  iavtmmm  is  another  species  whiA  at  the  lint  glanoe  might  be 
nMakna  fot  Dentof jam  tatti^eH;  haring  also  dght  primaij  riba  like  that  apeoies ; 
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bat  in  D^nfatium  bcettgeri  a  secondary  rib  arises  in  each  of  the  intentlew  betwwn 

tiie  primary  ribs,  wliile  in  Denfalium  jacanum  fhoy  remain  smooth. 

Taking  evprj'thiog  into  oonsidoration  I  believe  that  DentaU%M  baetigeri  repn< 
•aula  &  type  wUdi  is  eztinet  aittoog  the  preMnt  faana  of  the  Indiwi  0«auu 

2.  Sub-class :  GASTROPODA,  Cuvier. 

Older  X  PROSOBBAKCHIA.  UUne  Edwards. 
8ab-ocder:  ASFIOOBBAVCHIA,  CuTier. 

Family :  TROCEIDjK,  d'Orbigny. 

Genus:  TROCIIUS,  Liiinc. 

The  sub-dirision  of  the  old  genus  Troohua  into  a  number  of  sub-genera,  taking 
almost  tbe  Tank  of  genera,  ia  certaiuly  justified,  when  we  consider  the  large  number 
of  widely  different  specie*  forim  rly  romposing  it.  On  the  other  hand,  it  may  well 
be  asked  whether  this  sub-division  is  of  any  iKmcfit  to  the  palaeontologist,  vfho,  in 
very  rare  instances,  will  have  sufficiently  well  preserved  spccimena  to  decide  with 
oertainty  to  wUoh  inb-genns  a  eertain  speeics  may  bslong.  Tet  tbe  isoongruity 
of  mdtillg  OVeo  the  small  number  of  species  here  described  under  tbe  mmo  gsmrie 
natno  ia  too  obyioas,  oonsidering  that  thoy  have  no  other  feature  in  common  but 
a  conical  shell,  and  I  daie  say  the  same  difficulty  has  been  met  with  by  anybody 
dMorihmg  a  larger  iramber  o(  Tro&kL 

Tliough  hampered  by  a  cood  many  di'sadvantfii^cs  tin-  adoption  of  sub-genera 
or  genera  into  wbioh  Troehut  has  been  divided,  can  hardly  be  OTOided,  particularly 
if  one  bas  to  deal  with  a  fknna  whiob  bears  soob  close  relationsbip  to  a  reoent  one 
■I  the  Miocene  fauna  of  BwriDa  does. 

On  the  follow  in?  pntres  five  species  have  been  described,  one  of  which  is  too 
ill'presorred  to  ailow  even  for  a  specific  determination,  though  it  is  quite  certain 
that  it  does  not  belong  to  aaj  of  the  aab.geiMiia  mentioaed  below.  TheotiMT 
fonr  qpeeies  represent  three  sub-geDent  oit. 

CaHMtama,  SwaiiiMm. 

Batilina,  Watison. 
7ur:k(t,  H.  and  A.  AJaraa. 

Only  Culliostoota  is  represented  by  more  than  one  species,  O.  blan/ordi  and 
C.  tmtieniamm,  both  speeies  wbieb  are,  however,  so  widely  different,  that  it  would 
perhaps  be  better  to  distins^uish  them  under  dilfersnt  snb'genera  names. 

The  most  remarkable  feature  of  these  five  species  is  that  they  apparantly 
represent  types  wJiiob  are  extinct  among  the  fauna  of  tbe  Indian  Ocean.  I 
studied  and  oompaied  with  the  gieatest  ears  the  TnaU  in  tho  Indian  Mnseon, 
yet  I  have  not  been  able  to  discover  a  single  species  to  which  any  of  the  fossQ 
ones  could  be  compared.  The  only  living  speoies  bearing  a  relationship  to  a  fossil 
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one  ii  TkrdM  motUliferth  H.  and  A.  Adain%  fram  Awtalia,  while  the  rabfonu 
JiM0iM0Mematp«eientnitiI«tfldto4;he  JapBiiewaMii,tte  BmbJIo  and  Afbaftio 
Ocean. 

It  k,  thererore,  almost  oertain  that  the  five  species  here  described  repreMnt 
fypea  whioh  are  extinot  in  tke  pNMut  fanna  of  tbe  ladkn  Ooeaa.  U  «« 

omit  the  specifically  nndetenaiiied  one,  two  species,  etc,  CalUoglnma  blanfordi 
and  Callioitoma  kceneniantm,  hare  no  living  relatives  at  all.  Both  probably 
represent  indigenous  types,  the  next  relatives  of  which  may  occur  in  the  Indian 
Beoone* 

Of  the  other  two  species,  BasUissn  lortoUma  and  Turdcn  prolomonil^fera,  the 
latter  has  a  lirieg  relative  in  turcica  moatfj^ra,  inhabiting  at  preseot  tbe  Am* 
tralian  seas,  white  no  living  repreaentatire  is  known  tA  tlie  foRner.  la,  a  fouil  itate 
AudtMi  ccDun,  however,  in  the  Eocene  of  Paris.  It  seems  therefore  remarkable 
that  the  relatives  of  these  two  species  should  inhabit  nt  present  the  Australo- 
Japauese  seas,  while  on  tlie  other  hand  there  is  an  unquestionable  oonnectioa  with 
tjie  EoeeDB  of  Fuia  indieated  by  iba  existence  of  the  genni  SamUua, 

1.  Bob-geaus:  CALIJ08n>MA,8«ainMii. 
QuxtamMk  biiAIiiobsi,  Neeffing,  PI.  XVII,  flgi.  S,  1^  ea,  7*  7a»  8^ 

USB.  TrtekM  Uaifiirdi,  NVtUng,  Mar.  Yom.  from  Mioc  nf  rppci  Bvrag,  Keok  Otdcc.  tanqr  <(  ^ik, ' 
Vol.  XXVII,  pi.  1,  p.  16,  pi.  IV,  Sgi.  1.9)1. 

MlASnUHEIITS. 

HiigU  17S.BB. 
muh  « 

Spliml  vaiHt  6S* 

The  regularly  foniciil  sl;c]l  ia  of  rnmparativplj"  small  size  as  none  of  the 
specimens  attain  a  larjjer  height  than  19  mm.  As  tbe  whorls  are  almost  flat,  the 
aides  form  nearly  a  straight  line. 

Embryonlo  whorls  not  observed. 

There  are  at  least  six  spire  wliorls,  very  gradually  increasing;  in  heif^bt  which 
are  separated  by  a  fine,  though  not  easily  distiaguishable  suture ;  tbe  posterior  two* 
tUrds  of  the  whorls  are  slightly  concaTSk  Che  anterior  one  flat.  The  omanieBti 
consist  of  4  tuheroulatcd,  spiral  keels;  and  counting  in  posterior  direction  No.  fl  is 
the  strongest  of  all,  while  No.  1  is  stronger  than  8  and  4;  there  is  nlso  a  difference 
with  regard  to  the  size  of  tbe  tubercles ;  those  of  No.  1  are  smallest  and  very  closely 
sett  those  of  No.  S  are  a  little  hrgar  bnt  also  closely  set,  while  those  cf  Bee.  8  audi 
are  fairly  lnrn;B  nn<^  separated  by  bnad  interstices.  Thahodywhorl  isslmilav  to 
the  spire  whorl  from  which  it  seems  to  differ  in  no  way. 

The  base  is  flat,  even  slightly  ooncafc  and  separated  by  a  sharp  angle  bon  the 
upper  part  of  the  body  whorl ;  it  exhibits  a  rather  small,  false  umbilicus,  and  its 
ornamentations  consist  of  about  a  dozen  tuberculated  spiral  lines,  whicl»  are  appar- 
ently arranged  in  such  a  way,  that  finer  and  coarser  ones  regularly  alternate. 

Apertoie  not  obsetfcd. 
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^tfhgtfial  ocourrence,—' 

fm»  of  M$tUm  niMbaricut,  Singu. 
Zoos  of  JfeiawftUa  mgtvniffaititt  Bingu. 

Zone  of  Caneeliaria  iMrtMtma,  Uiobo. 
Zone  of  Faracyatkus  cneruleua,  Yenan^yat. 

JiMworia.— pTtiig  species  it  easily  distingaished  by  its  omamentation  consisting 
ol  labavqabtel  ipinllBMb»  two  of  whioh  dtoated  in  the  aiiteiftfftliiid  of  the  wliorts 
•M  coaridendi^  itniiiigar  thain  (he  otbon. 

Well  preserved  sfx'citnens  are,  however,  rare,  and  only  \inder  very  fortanato 
oirovunstances  tbe  tuberculated  character  of  tlie  spiral  keels  has  been  presenred ;  the 
raperfieiel  laywr  of  fhe  duiU  eaiOy  peali  offi  and  the  keela  fspfrng  then  perleetly 
smooth.  I  am  therefore  not  quite  certain  with  regard  to  the  omamentation  of  the 
body  wborl ;  it  appears  that  the  number  of  spiral  keels  increases  on  the  body  whorl ; 
at  least  a  specimen  from  Tenangyat  distinctly  shows  a  larger  number  than  four ; 
but  on  otheie  from  ffioga  only  four  diitinot  keeb  are  vUble. 

In  my  previous  memoir  I  oonsidgred  the  living  Clanculua  tcahrotus  a  close 
relative  of  this  species,  but  liaviog  obtained  better  preserved  specimens  of  CalUat- 
toma  Uanfifi^t  which  allowed  for  a  better  comparison,  tbh  Tiew  nemi  nnteoaUeb 

Clanculua  acabroaua  is,  if  we  disregard  the  characters  of  the  aperture,  distin- 
guished by  a  shorter,  moro  inflated  shell,  a  longitudinal  section  of  which  would  show 
a  rather  large  angle  with  convez  sides.  Id  CeUliottoma  blanfordi  we  have  a  more 
elongate,  aoeamioate  diel],  the  hmgitndinal  eeotfcm  of  wUoh  ehowi  a  mall  angle 
with  concave  sides.  Tn  addition  to  the  abapo,  the  omamontation  exhibits  also  coo- 
riderable  differanoes ;  ia  Clane^lut  anobritau*  there  are  a  few»  coarsely  granulose 
nrolving  keels,  while  in  CaUio$toma  blaaforii  the  keela  are  numerous  and  very 
neatly  and  regularly  granulose. 

No  similar  sfx-cies  has  been  described  from  Java,  Sum;itra  or  Western  India,  and 
Enough  I  bare  devoted  great  care  to  tbo  study  of  the  Trochi  in  the  collection  of  the 
Indian  Utueom,  I  conld  not  diiooTer  any  speolee  to  whidt  OalKottoma  Km^mli 
could  be  compared  ;  it  seems  tlierofoie  certain  that  it  represents  an  extinct 
type.  Whether  similar  species  will  be  found  in  the  older  Tertiary  beds  of  India 
remains  to  be  seen ;  but  the  probability  that  CalUoutotna  bla^ortii  represents  an 
indigenooa  type  ie  by  no  neaaa  snail* 


QawocNnu  mBOBnmxmt,  vfeo,  nor.,  PL  ZYII,  liga.  14^      Ut  Uo. 
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The  shell  is  of  small  size,  regularly  conical  in  ihape  and  mwfltl  of  abonft 
10  low  whorls  which  very  slowly  increase  in  height 
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The  embryonic  whorls,  apparently  two  in  number,  arc  perfectly  smooth. 
The  epii«  whorls  are  six  in  number  aad  their  aggregate  beiglit  is  about  half 
of  tbe  total  height ;  thef  are  aeporated  by  an  iU-deAiMd  aatim.  The  onamentation 
is  of  two  kinds;  on  the  throo  or  four  oldest  ones,  those  succeeding  immediately  to 
the  embryonic  wliorls,  it  consists  of  four  granulated  spiral  keels,  these  granulations 
gradually  disappear,  till  tbe  keels  become  perfectly  amooth ;  keel  No.  2  becomes 
ooMideiiahlj  atwiigef  Ham  tile  othen  whidi  nmiam  of  eqoal  atrcangtb. 

The  body  whorl  which  occupies  about  half  the  height  is  slightly  concave  on 
its  posterior  side  and  set  with  three  primary  and  two  scooadary  amooth  spiral  keels, 
the  latter  being  iateroalated  between  Noa.  8  and  4^  Na  8  bebg  as  on  the  a^ve 
trhorls  considerably  stronger  than  the  others. 

The  base  is  slightly  iuflitod  towards  the  aperture  and  set  with  threfl  flat 
smooth  keels,  separated  by  linear  interstices  along  the  periphery,  and  with  two 
similar  keels  aKHmd  the  nmbfliens,  a  bnied  smooth  band  remaining  in  the  niddle. 
The  aperture  is  small,  the  ooter  Up  ebsrp,  the  iaaer  Up  calloas. 
Oeotogieal  oeeurrence. — 

Zone  at  Area  tkeobaldif  Kama. 
J2MHirftt.i— Tbii  speeies  ie  easily  dbiugnidied  from  all  the  othen  by  Us 
ornamentation;  even  if  the  earlier  granulated  spire  whorls  are  not  visible,  the 
sharp,  raised  and  smooth  keels  of  tbe  remaining  spire  whorls,  as  well  as  on  the 
body  whorl,  are  suffioient  to  dicHngniab  it. 

Tureiem  pntomonilifera,  particularly  when  it  is  slightly  troathered,  might 
perhaps  be  somewhat  alike,  but  the  strong  kocls  on  tho  base  of  the  latter  readily 
distiuguish  it.  There  is  no  species  among  the  previously  described  ones  either  from 
India  or  Yara  or  SamatM  to  which  tUs  speeies  eould  be  eom]iBied,  nor  eonld  I  find 
any  similar  species  among  ih<-  fauna  of  the  Indian  Ocean,  and  the  probability 
that  Callioitoma  koenentanum  represents  an  extinct  type  is  by  no  means  small. 
Among  the  fossil  species  ZVmIv*  $mle»tut  from  the  Paris  Eocene,  Lamk.,  which  has 
been  ineladed  by  Oowmann  among  the  genus  Saail^t  a  TiMr  whleh,  in  oonnder- 
ation  fif  the  other  species  be!on<jini^  to  B  a  si  J  isgfi,  might  perhaps  l)e  qnesKoned,  Seems 
a  near  relative  to  Callioatoma  koeneniamum,  but  until  the  ornamentetioil  of  the 
eulier  a^  whoria  «f  the  apeelM  is  known,  no  definite  vfew  cm  be  eg^weied 
whether  ihia  idatiMiabip  ia  reeUy  founded  or  only  apparent. 

fi>8ub-gBnna:  BASILISSA,Wfttson. 

This  genns  leproeentsn  ehanefeniatie  granp  of  SVoeiW,  irbieb'  are  d<atin« 

gnisbed  by  their  sharply  oarinated  whorle;  the  keel  runs  exactly  along  the  ambttns 
and  behind  it  the  surface  appears  to  be  eovered  \«ith  fine  re?olyiDg  chords 
only.  Cottsmann  has  given  some  more  distiDguishing  featufes  wifli  legard  to 
apertaiek  ete.,  but  only  in  mm  eame  ohi  it  bo  hoped  to  observe  these  ehiMolen 

in  fossil  species.  It  appears  that  Banliita  does  not  occur  in  the  Indian  Ocean 
and  in  a  fossil  stato  only  in  the  Paris  Eocene.   Cossmann  remarks,  thereforei  that 


sse 


FAUNA  OF  THE  IIIOOSNB  BEDS  OF  BURMA. 


the  ezistoDoe  of  3a«j)toa"  en  UQ  rapprochement  de  plus  entie  Is  faane  aotnelle 
dn  Jftpim  rt  eelto  de  I'Eoo^ne  puisMn." 

The  species  here  flpsnriTied  as  Batilitta  lorioliana  unquestionably  belongs 
to  this  genus,  and  its  existence  in  the  Miocene  of  hunna  is  the  mora  inteKStang, 
u  H  b  anotber  proof  of  ihe  nmked  retetioaeMp  of  tbs  Uuxwue  fkuaa  ii/t 
Burma  with  that  inhabitiug  at  present  the  Eastern  Seas.  On  the  other  hand 
it  indicates  those  reUtioas  with  the  Eooeoe  of  Paris  which  an  freqaeatly  met 
with. 

Basilusa  i^kioliama,  spec,  nor.,  PL  XVII,  figs.  11,  12,  13,  a-o. 


(1) 

(2) 

6*6  mnu 

fl'6  ma 

Width 

.   ii-o  « 

»  asr 

The  shell  is  of  small  alie  only,  fegolarly  eoutoal  in  shape.  The  whorii  an 
peifeetly  flat,  the  sides  therefore  quite  sfara^hk 
Embiyoaio  whorls  not  observed. 

There  are  at  least  whorls,  five  of  which  compose  the  spire  and  occupy  a  litUe 
less  than  half  of  the  total  height.  They  inerease  slowly  and  giadoally  in  hei^t 

and  are  separated  by  a  sharp  and  (ieep  suture.  The  profile  of  thr^  surface  forms  a  flat 
8-sbaped  curve,  that  is  to  say,  its  posterior  part  is  very  feebly  iufluted,  while  a  dis- 
tinct thongb  shalloir  grooro  rans  okse  to  th«  anteikir  maigin,  setting  off  a  sort  of 
pseudo'keeL  The  whole  surface  is  oovend  with  alxntt  ten  fine  granosely  pll^te 
spiral  Unes  of  varying  strength. 

The  body  whorl  differs  in  no  way  from  the  spire  whorU,  except  that  towards 
the  apntue  a  f^  longitndlnsl  Unes  of  growth  are  visiblo. 

The  base  is  slightly  inflated  and  covered  with  numerous  fine  granosely  plicate 
spiral  lines  which  are  crossed  by  sharp,  somewhat  irregular,  longitudinal  stritc. 
The  false  umbilious  appears  to  be  rather  small :  aperture  only  [tartly  observed,  prov- 
ing  <hat  ttteoolsr  Up  was  sharp. 

Qeologioal  occurrence. — 

Zone  of  Mt/tiluB  nicobaricug,  Sin^u. 

Zone  of  iieioeardia  metamlgaria,  Singu.  . 
Zona  of  .^roo  iilMdaltU,  Kama. 
Bemarka. — This  pretty  species  is  easily  distinguished  from  the  ofliev  two 
speoies  by  its  rather  short,  thickly  get  shape,  and  the  uniform  chnracterol  the 
grannlose  longitudinal  lines,  among  which  none  preponderates  in  strength. 

No  rfmilar  speoies  has  been  desciibed  either  from  Java,  flnmatra  or  Western 
India,  neither  can  I  find  a  living  relativo  tOMMg  the  fauna  of  the  Indian  Ocean. 
The  probability  that  Ba^ita  lorioliana  tqweaeata  an  extinct  type  is  thecafon 
very  great. 
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Sub^m :  TDBaCA,  H.  aod  A.  Adami. 
IVKOiOA  vtOTOMomtmA.  ftpeo.  dot^  pi.  XVII,  figi.  9,  n^,  10,  a  d. 

"MttKSvnMKirt, 

HMgkk     .  IS  Bii.   .  Mmm. 
WMA     .  WW  „     .  •«  « 

Ap!(!«]  mgic  80*  .  (J7» 

Tbc  shell  attains  only  a  small  un^  but  is  of  f  egnlarijr  ooniool  shape,  the  «i»»ir« 

of  the  wborU  being  almost  flat. 

Them  an  two  mSuywiSo  whoila  wbieh  seom  to  be  perfeoily  smooth  as  no 

tnces  of  ornnmentatinn  can  be  discovereil  even  with  a  powerful  magoifjing  lens. 

There  are  four  spiro  whorls  which  very  slowly  and  grad  iall y  iniM  f>aso  in  height ; 
their  aggregate  height  b  less  thao  half  of  the  total  height,  aud  they  are  separated 
hj  a  teey  deep  sutara.  On  each  whrnrl  there  are  four  pranulated  keel%  No.  1  <tf 
which,  dose  to  the  suture,  is  alwnys  the  sf  mnLro^t ;  on  tha  earlif>r  whorls  the  keels 
are  TCiy  closely  set,  but  on  the  penultimate  one  they  become  further  distant. 

The  body  whorl  ooeii^  mora  than  half  of  the  total  height  and  its  ornamenta- 
tion is  exactly  tlio  saoM  as  those  of  the  spire  whorb,  only  tliat  the  koeb  become  still 
furtlicr  distant  and  are  now  soparntcd  hy  ititorsticiis  larger  than  their  oivn  breadth  • 
the  granules  arc  now  well  separated  from  each  other  hy  interstices  of  about  1| 
their  own  Tneadth.  Towarda  tho  apertura  sharj^  closely  set  plications  become  Tidhb 
in  tho  interstices  between  tho  keels. 

The  base  is  strongly  inflated  towards  the  apertuio  and  sot  witli  four  strongly 
laisad  gtanabited  keels  which  are  separated  hy  broad,  cuucavo  interstices,  decreasing 
in  hraadth  towaxds  the  oentr&  False  nmbillons  very  small,  slit  like. 

The  aprrture  is  not  wdl  obsorvcd,  hut  it  is  distinctly  seen  that  tho  Oolumolla 
is  spirally  twisted,  ending  anteriorly  in  an  obtusu  prominent  point.  The  onter  lip  is 
unfortnnntely  bxoken,  bat  it  was  unquestionably  sharp,  rather  thin  and  liued  with 
about  ten  smooth  xerolnng  keda. 

Oteiogieal  occur  mice. — 

Zone  of  Meiocardia  metavulgarit,  Singu. 
Zona  of  Aroa  IhrnAMU,  Kama. 

J^arto.p— Only  two  apedaiena  of  this  pretty  species  have  oome  nnder  ex. 

amination,  and  if  it  bad  not  bc(  n  for  the  better  preserved  specimen  from  Eama,  the 
specific  characters  could  not  have  been  made  out  to  satisfaction,  inasmuch  as  the 
specimen  from  Singu  is  so  much  weathered  that  the  whole  shell  appears  to  be 
amootht  and  only  by  means  of  tha  stnng  basal  keel  its  identity  with  the  specimen 
from  Kama  could  be  established. 

Tha  strong  columellar  fold,  but  panicukxly  the  internal  keels  of  the  outer  lip, 
provo  that  this  speoiea  must  be  valated  to  ZWrciM  mo»Hifera,  A.  Adams,  from 
Aostnlia,  whioh  aaama  to  ba  ao  aimilMr  in  tbap^  orimmantatlmi  and  the  oharaetea 
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of  flio  apcrturf,  thnt  it  is  certain  that  the  spnoimen  under  examination  bclonj^s  to 
thiii  geniui.  In  fact  tbe  similarity  seeim  bo  olose,  that  I  am  not  quite  certain 
vbetliw  tbfi  apflcies  should  not  Iw  identifted  with  the  Imufe  on»-<a  qiiHiioD  vhloh 
OM,  hanrerw,  only  he  aetUed  hj  eompaiiaon  with  the  Urii^  tpeoies. 

TwM«vi,  ipeo,.  FL  XYII,  figs.  10,  lOe. 

Widtk         .  lO  B  m 

Only  a  single  Ul-preserTed  specimen  of  this  species  has  come  under  examina- 
tion, but  the  few  characters  that  can  be  made  out  distinctly  prove  that  it  is 
ditforent  from  the  others  hero  described. 

The  shell  is  of  fairly  large  siie^  regularly  conical  and  atppsavs  to  oonaist  o( 
about  seven  rounded  wbork,  wlii  li  aro  separated  by  a  deep  suture.  The  ornament- 
ation consists  of  about  twelve  granulated  revolTiilg  keels,  which  appear  to  be 
separated  by  narrow  intersUoes.  The  l>ody  whorl  occupies  slightly  num  than 
ooe^iiiidof  the  whole  height,  and  bears  the  same  ornamentation  as  the  spife  whtixis. 
Tho  bnse  is  slightly  inOated  and  covered  with  about  twehre  gnuralated  nvelving 
keels  of  equal  strength. 

Geological  occurrence. — 

ZuM  of  Qttkeita  erfctmh  Vtome, 

lt«MMrAi.--Tbongh  tho  above  characters,  in  particular  the  rounded  wborlB, 
and  the   apjwently  uniform    siza   of  tlie    £;ranul:it<'il    keel-*,   are  sufficienr  to 
distinguish  this  species  readily  from  the  others  hero  described  and  prove  it  to  be  a 
diffofeot  species,  ita  preemation  is  not  sneh  as  to  justify  a  speoiflo  name,  because  it 
never  lie  distinguished  from  species  of  a  similar  character. 

Undi  r  l!u!  name  of  Trochus  {Eutrochtu)  jujubiniformit,  Martin  describe;!  a 
species  from  Sumatra  which  seems  closdy  related  to  the  species  under  examinutiua  ; 
the  8iimata»iispecieai8,howoT8r,disttngoishedbgra1iigher  shell  while  that  bom 
Burma  possesses  a  more  depressed  spire.  lu  this  legard  it  more  rBasmblflB 
gjgljfAiiMW  Mcia^irfatas,  Lam.,  than  any  other  species. 

2,  Sub-order:  CT£.\OHI!.L\cniJ,  Schweigg. 
1.  Section:  PIENOGLOSSA,  InwohflL 
Jamfly:  SOUSJIDM,  Ohoui. 
Geous:  80LASIUM,  Xamanik. 

The  fitd  species  described  on  the  following  pages  belong  to  two^  perhaps  t* 
tloBo  Bab-genera,  three  of  tbem*  «te>»  fio/artimi  a«««s^  S^Harinm  muuemmm  and 
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Solarium  coniforme,  belonij  to  Solarium,  $.  ».,  while  the  other  two  belong  to  the 
sub-geuiu  Toriaiof  Gray,  though  tito  pusitioa  of  Torinia  buddha  species  is  not 
fnite  eertafn. 

Tihosc.  five  ^^pccics  can  be  easily  distingntriied M  f<dlom  i'^ 
A,  WhorU  MiguUr:  Solarium,:*. 
(a)  Snrfu*  with  8  rerohniig  Itada. 

1.  Solarinm  nUfni,  •■■ju'C.  tiuv. 
(i)  Sai&ge  nitli  5  revolving;  k««ls.  * 
i.  Muimm  mammim,  mitpiiL 

fe)  SurfiX::  will  IS  rnvi.'\'iti;r  Vi-c!». 

d<  SolartHM  coitifgrme,  »pee.  uov. 
9,  Whwli  soaM :  IWiai*. 

C>)  All  the  wborls  criveri'  l  n  itb  ^anatose  fcaJtt 
4>.  Torinim  protoioriuott,  ti\>ee.  dot. 

{i]  Only  (he  UhI/  whorl  ooTcred  witfc  t  ftw  modtii  imtTiof;  koek. 
5.  7W»i<  buidha,  tyec.  uov. 

The  relatiouship  of  these  fire  species  is  rather  peculiar  ;  one  of  them,  Solarium 
mcMPfmvin,  tuts,  with  the  greatest  certainty,  beoa  idcotitied  with  the  recent  .species  of 
tint  ii«me;  Twfitd»  protodormnn  »  lo  cksely  nlated  to  the  Ufing  Selariym 
domosum  that  it  must  be  considf  red  as  its  predecessor  ;  Solarium  nitent  shows  M 
great  a  simil.arity  with  Sularitivt  jucff  fi,  1  *ps.,  rind  Solarium  biatrialum,  Lmk.,  from 
the  Eocene  of  I'aris,  that  it  is  almost  impossible  to  discover  any  diileronce;  no 
zdatioMhip  either  vitii  living  or  fossil  speeiM  eoald  he  tnuied  for  Selarimm 
emj/bfMMeiid  2M«ia  ttMka, 


1.  Bab>Bniiu :  BOIiABIlIM,  Laautrek,  1. 1. 
8afcA.uini  mxEHs,  speOi  hot.,  PL  ZTII,  figi.  1^  18a. 

suuki  .    .  r 

WMlli    .     ,  IMu. 

Only  ft  abgle  tpeoimen  perUy  imhedded  in  the  rode  hae  eome  nnder  ennion- 

tfoit.  The  shell  is  apparently  of  sD'all  size,  depreBstjd,  conionl  in  sh.ipn,  aud  consists 
of  not  less  than  sis  flat  anguhr  whorls,  separated  by  ao  ill-defined  suture.  The 
■piie  whorls  increase  very  gradually  and  slowly  in  height ;  dose  to  the  anterior  end 
nma  a  rounded  nirolving  keel  and  sspazatsd  by  a  very  fine,  though  de^ly  engiiaTsd 
furrow  runs  another  keel  of  ahmit  flic  same  strength  as  No.  1.  Close  to  the  posterior 
end  of  the  surface  runs  a  Uno  furrow  detaching  a  third  rounded  keel  which  is,  how 
eifer,  weaker  than  N<k  1  and  No.  9,  The  broad  band  betweaa  keds  Nos.  S  and  8 
remains  peifleetlj  onooth,  except  that  it  ia  crossed  by  nuineroug,  longitudinal 
atrioB  of  c^rnn  th,  some  of  w  liieli  become  stronger  than  the  othm  and  seem  to  follov 
etoh  other  at  regular  iutervais. 

tit 
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The  bod;  whorl  differs  in  no  way  from  the  spire  whorls,  except  that  No.  1 
keel  wluah  nau  aloDg  the  ambitni  beoomee  miuh  •farongef  thftn  dkbor  Ka  9  or 


Baso  not  observecL 
Geological  oceurrenee.— 

SoM  of  PMfft  oriwf oMt,  Ihayetmyo. 

SttiutrU^Xt  tlw  flnt  glanoe  ibis  tpeoiec         b«        nfafakwi  for  5Snla- 

rimn  maximum,  hut  on  closer  examinntim  it  will  he  sppn  tint  it  is  easily  (li5itin<^iiisl)ed 
by  tlie  smooth  whorls.  The  central  band  which  is  Solarium  maximum  carries  two 
granulated  keels  iaperfeotljiiiiootbia^afwviimiMfiM^  and  Id  addition  to  tUef elk 
tve  the  rerolving  keels  wbioh  am  atronglj  gmuilatBd  in  S^aHim  maxmrnm  are 
■mooth  in  Silarium  nit0»$. 

One  would  also  feel  inclined  to  consider  the  living  Solarium  perapeetimm^  of 
wbioh  I  examined  a  specimen  from  the  ooast  of  Bdnehistan,  ai  a  near  raktiTe  of 
Solarium  niteni,  but  on  closer  examination.  woU  marked  diSerenoei  will  be  noticed. 
I  stated  above  that  in  a  longitudinal  section  through  two  consecutire  whorls  it  would 
appear  as  if  three  revolving  keels  were  running  parallel  to  the  suture,  two  behind 
and  one  to  front  of  it ;  if  tbe  same  section  ia  takon  in  SelaHnm  panptetioumt  it  will 
bo  seen  that  thire  is  only  one  keel  on  oithcr  side  of  the  suture,  a  bmad  one  on  its 
anterior  and  a  narrow  one  on  its  posterior  side  ;  those  keels  are  further  more 
aroased  by  longitudinal,  sharply  engraTed  furrows,  wbioh  gire  them  a  granulated 
appearanoe ;  it  b  only  on  the  body  whorl  that  these  furrows  disappear,  while  they 
are  still  more  pronounced  on  the  earlier  whorls,  extendini^  over  the  whole  surface, 
including  the  broad  central  band,  thus  giving  tbe  earlier  »pire  whorls  a  peculiar 
granulose  appearanoe.  Another  sijecies  wliiob  would  also  appear  etooely  related 
ia  Satarium  Iteoigat'm ;  tbia  species  is,  however,  easily  distinguished  by  a  sharply 
engraved  revolvint^  furrow  ninninr;:  in  the  middle  of  the  smooth  central  band  which 
corresponds  to  the  furrow  scparatiag  keeh  Isos.  3  and  \  in  Solarium  maximum;  the 
lo^todioal  aeodon  tluoogh  two  oooaeeatiTe  wborb  ahowa  the  aame  faatare  aa 
nodeed  in  Solarium  pertpe'-iivum,  viz.,  only  one  kool  OH  either  side  of  the  suture,  a 
broad  anterior  ami  narrow  posterior  one.  Tlie  earlier  spire  whorls  are  in  tho  same 
way  granulated  as  in  Solarium  p^peoiUmm  only  in  a  less  marked  way.  In 
AWortam  nKmt,  on  tke  otlier  haai,  ftuf  remain  perfeoCly  smooth. 

We  see  therefore  that  Solnrium  nitrns  exhibits  no  relationship  whatsoever  with 
any  of  tho  species  now  inhabiting  the  Indian  Ooeau  and  we  most  consider  it  as 
representing  a  type  of  Sokaitm  wtiieb  bns  died  out.  Its  neaxert  rdatiTO  eeems  tbe 
Eocene  SolarttmpieMi,  Desb^  frotn  the  Paris  Caloaire  grossiflr;  this  species  Is  distin- 
guished by  the  same  smooth  whorls  destitute  of  any  other  ornamentation,  except  the 
revolving  furrows  which  set  off  revolving  keels  at  either  end  of  the  whorls.  Desbayes 
flgnre  shows,  however,  only  one  keel  on  either  side  of  flie  sntore  and  intkitregard  It 
would  more  agroe  with  Solarium  pei'speefivum  or  Solarium  lavigalum,  but  b^ng  of 
very  small  size,  only  5  mm.  in  diameter,  it  is  quite  passible  that  the  furrow  which  sets 
off  the  keel  at  the  posterior  end  of  the  whorl  has  been  overlooked  by  being  too 
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faintly  marked.  If  we  noUce  how  fceblj  it  is  marked  in  Solarium  nitent  this 
Tiew  is  not  improbable.  For  the  prosont  this  questioo  cannot  be  decided,  but  it  is 
taken  that  SaMum  n^m*  bekoga  to  the  aame  group  aaiSWarNim  pMM  wluoh  bis 

probably  died  out. 

Solarium  AtWHolnm,  D«sh.,  which  differs  from  Solarium  picteti,  Do8h.,  only  by 
ihe  diUBoten  of  the  Ihm,  woald  havo  also  to  be  considered,  but  inasmuch  a«  the  base 
is  not  known  of  Solarium  nittat,  it  is  Imposaible  tD  lay  toiAkliof  the  two  it  bean  a 
closer  relationship,  thou<»h  the  f.if't  that  wo  Ii;ivo  anottier  spedoa  fllowlj  niated  to 
one  occurring  in  tlie  Eocene  of  Paris  is  beyond  doubt. 

The  aboTO  distiogmdmig  faatam  wUl  perhaps  best  be  undeatood  from  the 
f olknrlag  diagtamatio  woodcut 


So&AUOii  MAznmf,  Philip  PL  ZYI^  fig.  17,  ohK, 

"Un.     n        n    4'AnUM  Mi  HkinM,  DaMr.  dai  AaiM.  Fm  dm  Omr* anoa. 1'  Iid«iff.<llik 

fL  xxfii  fifl*.  IS  a,  i,  r,  14  a,  i, «. 
UK.      p  «      Nartlinc,  M  ax-.  Vc.«.  Upper  Uamm  Ms^  OMlot.  SnTCy  <l  Ildilk  Utt,T«LXXm, 

jt,  17,  pi.  IT,  &^t-  h  ti.l,  6,  Ga. 

Mi;\srRKVE«JT?. 

IleiKbt       ,    t<'3  mm. 
Width        .   22S  „ 
Spinl  iDRle .  1ij9° 

The  shell  is  circular,  depressed,  conical  above  and  flat  or  just  perceptibfy 
eooTez  below.  It  oonsiBts  of  at  least  eight  angular  dightly  oonveK  whoils,  whbdi 
Taiy  gradually  increase  in  height. 

The  embryonio  wborla  could  not  be  observed  well,  bat  they  appear  to  be 
amootb. 

The  s)Am  wborla,  six  la  a«oib«r,  sre  aepantad  bj  an  iH-deftaed  sotave; 

they  nre  just  perceptilily  convex,  tlu'  ornamf^ntntinn  consist^*  of  fivn  2;rnniiIose  revolv- 
iog  keela,  which  are  separated  by  concave  furrows.  No.  1  which  runs  just  along  the 
margin  is  almnt  entirely  bidden  by  the  snooeeding  whorl,  its  upper  edi^e  being 
iut  peteeptible  beUnd  the  aatnie  \  it  is  aepaiatad  from  Mo.  S  bf  ft  bcvad  and  deep 

'Though 8<i««rb7«]bikitf|MiHAe#M,llMM.i'MUB«  uA  HUaHSdUUAi^  to  tt*  tm^  kit 
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farrow  which  might  be  easily  mistaken  for  the  suture  ;  No.  2  is  then  latbar  high* 
•ad  Mparatad  by  a  broad  and  deep  f anow  from  No.  8  vbioh  b  bnad»  flat  and 

laparated  by  a  shallow  furrow  from  No.  I  which  is  somowlint  fhinner;  No.  3  is  of 
equal  strength  as  No.  4,  but  separated  from  it  by  a  deepaud  narrow  furrow.  Keels 
and  interstices  are  crossed  by  sharp  oblitiuf,  lougitodinal  atrfan  which  produoe  ttw 
gnnulatibas  on  the  keels. 

rhe  body  whorl  is  in  no  way  distir^uislied  from  tlio  spire  whorls,  except 
that  keels  Noe.  Sand  4  with  the  intermediate  iurrow  become  aimost  effaced,  while 
Not.  1  and  S  with  the  accompanying  fnirowa  aa  troll  aa  Ko.  6  with  ita  anterior 
tonavi  become  more  marked  still. 

Tlip  bnse  is  II  it,  pfirliap^  slightly  convex  towards  fho  aperture;  close  along  the 
margin  and  the  bordering  keel  No.  1  runs  a  narrow  bvit  deep  furrow,  which  is 
separated  from  a  finer  one  by  a  detieate,  ronnded  ked.  The  central  Iportion  ia 
smooth,  but  cliisn  to  the  wide  and  deep  mnbilicus  run,  separated  by  a  (granulated 
keel,  two  df<  }>  furrows.  The  edge  of  the  umbilicu'*  is  set  with  sharp  and  strong 
radiating  ridges,  which  extend  towards  the  periphery,  but  become  eJboed  befbid 
leaohbg  it. 

Otologiecl  oeeurrenee.-' 

Zone  of  MyfiltiB  nicobaricng,  Singu. 

Zone  of  A[i;i(>c<irtU<i  metaruhjurin,  Sincu. 

Zone  of  i'arac!.athu»  eaeruU-u»,  Yenangyat. 

Sone  of  Gsifoeltorfo  MeiWiejaiM,  Ifinbo. 

SSoneof  Area  Iheobafdi,  K:iiua 

Zone  of  Faralltlipipedrm  prototortmtum,  Kama, 

Remarkt. — There  cannot  be  the  slightest  doubt  that  the  speeies  here  doscriljcd 
is  identical  with  Solarium  affine,  Sowcrby,  though  his  figure  is  rather  defective. 
Both  Mesne.  d'Archiao  and  Haime  aa  well  aa  myielf  have,  howefeiv  made  a  mistake 
in  stating  tho  number  of  spiral  keels  to  be  four  instead  of  five,  a  mistake  whirh  is 
easily  accounted  for  by  the  state  of  preservation.  Unless  I  bad  been  able  to 
examine  the  well  preoerved  apeeimen  from  Kama,  I  codd  not  haTo  diaecmMd 
the  actunl  number  of  the  revolvini;  krels,  the  BBteriot  one  of  wbkhia  almost 
entirely  hiddcu  by  the  succeeding  wliotl. 

There  can  be  also  no  doubt  that  this  species  is  identical  with  the  Solarium 
maximmn,  which  liveo  at  present  in  the  Indian  Ocean,  Ceylon  and  Java.  I  have 
been  nbli-  to  i  om|iaro  a  specimen  of  thi-i  spc  nos,  and  1  found  that  it  agreed  in  orery 
detail  witii  the  fos.sil  one,  except  that  it  attained  a  lai^er  size,  having  a  width  of 
6U  mm.,  while  the  largest  fossil  specimen  measures  just  half,  that  is  to  say,  25  mm. 
The  apical  angle  of  the  liring  apeoieB  is  108*  that  d  the  fcasil  109^,  a  diireranoe 
whicli  is  certainly  of  no  importance.  Much  more  important  ii-,  cvor,  theahao> 
luto  identity  of  the  ornamentation ;  on  the  living  species  there  arc  the  same  Ato 
gmnolated  refolring  heeli,  of  lAioh  Vo,  %  k  almost  hidden  by  the  saooeeding  whorL 
Tfadc  atreogthfthe  width  of  fbeintentioea  is  ezaolily  the  nme  in  the  IiTiag  aa  in  the 


Digitized  by  Go€)gle 


FAUNA  OF  THE  MIOCENE  SEDS  OF  BT7B3IA. 


868 


fossil  one,  and  tlio  identity  goes  f,n  far  that  eren  tho  relative  strength  of  ilie 
granulations  of  th<»  difVi'rent  kools  is  the  suime.  The  body  whorl  shows  th<»  sanio 
gradual  disap]>earaQco  uf  No.  3,  as  observed  in  the  fossil  speoi men,  the  only  ditlen3m« 
voald  1m  that  No.  4  i»  perbtpB  m  little  sum  lurked  tban  in  tbe  foadl  one.  Ae 
tbe  ebarnctors  of  the  ban  axe  aim  exaotlj  mSHcb,  I  need  not  dwell  anf  longer  on  the 
•imilftrittes. 

That  the  If  iooene  speoimeBs  nre  of  Bmaller  aise  is  quite  in  harmony  with  what 
we  obserred  in  other  species  wbit-li  arc  eitlier  identical  or  so  closely  related  to  living 

species  timt  tboy  must  bo  regarded  as  their  direct  ancestors ;  tho  f.>s»il  apeoimena 
ara  always  smaller  aud  more  delicate  than  their  living  representative 

SoUrUm  masitnum  from  Banna  teetna  identieal  with  SoUtitium  pefspfetirum, 
K.  "MTf^rthi,  from  .lava.  Unfortunately  Martin  figures  only  the  base  of  two  frag- 
mentary specimens  of  whicli,  howcvr-r,  the  characteristic  ornamentation  of  tbe  haae 
of  fig.  la  is  perfectly  identical  with  that  of  tho  specimen  here  described. 


SoLABluu  ooNirOhHs,  spcc.  nov.,  PI.  XVU,  fig.  19,  a-b. 

A  single  very  frai^mentary  specimen  of  this  species  his  come  under  examin*- 
tion,  hut  though  greatly  damaged,  tbe  features  exhibited  are  aaffioieat  to  prove  it 
a  species  different  from  aU  the  othen. 

The  shell  must  have  attained  a  fairly  large  size  as  the  specimen  has  a  largeat 
diameter  of  'JO'u  mm. ;  it  had  a  nther  high  conical  sitape  and  the  apioal  angle  waa 
probably  not  more  than  118°. 

There  are  about  eight  rather  high,  anf^nlar  apiie  whoria  having  a  flat  surf aoe^ 
irhich  arc  separated  by  a  sharp,  though  rather  indistinct,  suturo.  The  ornamentatioa 
consists  of  about  13  to  14  rounded  revolving  Ifeels  separated  by  linear  interstices. 
The  heel,  lining  tho  ambitus,  is  slightly  stronger  than,  the  others,  wliile  these  are  of 
aomewhat  unequal  stiength. 

The  body  whorl  seems  in  no  way  didorent  from  the  spire  wlinrls  except  that 
the  omameixtatiou  of  the  surface  becomes  rather  indistinct  and  eUaoed. 

The  base  is  not  well  espoeed,  bat  it  eaa  be  diatinefly  seen  that  the  body  whorl 
tna  flat  and  that  the  species  waa  ^tingnishod  by  a  very  wide  umbilicus,  the  waHs 
of  which  were  lined  with  coaiaa  wrinUei,  which  form  also  two  rowa  along  the 
inner  edge  of  the  whorls. 

Oeological  oeeurrenet.— 

Zone  «f  Arkia  hmereta,  Th^etnijo. 

S§mork». — The  enormoasly  wideumbilioos,  together  with  the  ornamentation  of 

tho  iiri'<'<' ^i<l<^  ^I^B  whorls  consisting  of  namnoua  fine,  zoonded  revolving  koela* 
readiiy  distinguishes  this  species  from  all  the  others. 

No  foHQ  species  has  been  deaoribed  from  either  Java,  Btnaatra  or  Wflateni 
jbidia ;  I  can  also  find  no  living  apeoiea  to  vhiflh  I  eoold  omnpaie  lt> 
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S.  BabijeniiB :  TORIinA,  6»J. 

lOBixiA  PBOTOix>asuo8A.,  spoo.  noT.,  Fl.  XVII,  fig.  22,  a-e. 

im.  fttort—  iwf«rfnVii»  HMMta^HlM.  Imi.  Vn«t  Bmi%  Kb.  AMiof.  Siit««r  of  ]adi%  IM; 

T«L  XZTn,  pu  Uk  |l.  ir,      ir,  ffl. 

WMth      .  M  • 
Apkal  angU  180* 

The  shell  is  of  small  size,  conical  ia  shape,  but  so  much  d^^prrssod  that 
it  apfean  almost  flat,  and  ooDusta  of  about  six  or  soTen  whorls  which  are  flat  above 
and  loaaded  below. 

The  embryonio  whorls  were  not  obserred. 

Tlie  spire  is  very  depressed  and  consists  of  about  fivn  whorls  which  very 
gndrnU;  inuroase  in  size  and  aro  separated  by  a  sharp  and  deep  suture.  The  orna- 
mentaliioa  oonaiats  of  ray  fine  gnumlated  revolTiiig  kedib  wlddh  aie  a«{Nnted  bj 
linear  interstices.  Generally  the  anterior  and  poiteriioir  keela  an  ttvonger  than 
thoM  of  the  central  portion  of  the  whorl. 

The  body  whorl  diifen  in  no  way  from  the  spire  whorls  except  that  the 
leTolvingkeelibeooDienioroniuneToas;  the  ambitus  is  flattened  and  partienlaify 
romarkal  le  for  two  linear  reTolTiqg  foifowi  whicih  ma  OA  either  side  of  a  fil^m 
rounded  somewhat  gianular  keeL 

The  base  is  strongly  tamid  and  set  with  aimilar  graniitated  keels  as  tiie 
upper  i'idc  of  the  bod;  whorl;  the  breadth  of  the  keels  inoreascs  tnwnrds  the 
umbilicus,  which  is  s^et  with  coarse,  radiatin'^  wrinkles  lininty  its  wall  and  also 
extend  over  the  two  innermost  koels,  their  number  on  the  outer  one  being 
larger  than  on  the  inner  one.  Umbilious  rather  wide.  Aperture  not  obserred. 

Geological  oecurrenoe^ 

Zone  of  Cancellaria  martiniana,  Minbtt. 

Zone  of  Area  theobaldi,  Kama. 
Eemark$.—Di.\»  species  is  easily  distinguished  from  the  others  by  its  orna- 
mentation,  oonafsting  of  very  olosely  set  grannlose  keels  ooToiog  all  the  whoris« 

but  iu  particular  by  thr;  flnttened  nmbitus  which  exhibits  two  fine  deeply  eograred 
furrows  running  on  either  side  of  a  flliform  granulated  keel. 

No  aiinilav  ^Meiee  hai  been  deseribed  from  eitiier  JaTB,  Samatra  or  Western 
India. 

There  appears  to  be  no  doubt  tliat  (he  Miocene  sfiecies  is  closely  related  to 
the  living  Soiariwn  donwatum  from  the  Andamans.  The  ornamentation  is  exactly 
alike,  particularly  the  aomewhat  flattened  ambitus,  which  is  prorided  with  two 
deeply  engfaved  fnnowa  ntnnfng  on  either  side  of  the  fine  keel,  is  well  seen. 

There  are,  however,  some  differences  which  must  be  recor<le<l ;  in  t  lio  first  instance, 
the  spire  oC  the  living  species  is  not  quite  as>  depressed  as  tliat  of  the  fossil  one,  the 
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•pical  aBijle  is  therffor*^  more  acute,  measuring  1  lO';  the  keel  on  the  ambituB 
almost  disappears  so  that  the  two  furrows  seem  to  form  a  single  one ;  apparently  it 
Bttaimd  a  laiger  tiw,  and  the  rerolTing  keeb  an  broader.  It  u  for  theie  Uttameet 
that  I  did  not  identify  the  Miocene  species  with  the  living  one,  though  there  oan 
be  no  doubt  that  the.  former  is  the  direct  descendant  of  the  latter,  havinij  only 
acquired  a  large  size  and  a  somewhat  coarser  ornamentation,  a  feature  which  is  in 
woomdanee  wi^  the  aame  &eti  noted  in  other  apeciee. 

In  my  prevbus  memoir  I  identified  thin  species  with  Solarium  Offtlottomum, 
Menke  ;  I  have  now  however  carefully  compired  this  species  with  the  fossil  one,  and 
I  discovered  some  dillereuceii  which  I  previou!<ly  overlooked.  In  Solarium  eyelot' 
toNMMs  the  umhOioiiM  nnwh  wider  fhaa  in  dtber  Aforfow  dtfrMoeaw  or  the 
fossil  Torinia  protodortuota  ;  the  wall  is  in  S.  ep^Mtomum  lined  with  flue  gmnula- 
tions,  while  in  S.  dorraomm  as  well  as  in  TorMe  protodortuota  it  ia  set  with  coarae 
viinklei  whidh  extend  alio  aoioM  the  two  inner  keele  of  the  haie  in  holh  lhaw 
apeoiea.  On  the  upper  side  the  whorls  of  Solarium  eyeloitomum  aie  tonnded  and 
separab'd  by  a  deep  well  marked  suture,  in  both  Solarium  dortuoaum  and  Torinia 
protodortuota  they  are  fiat  and  the  suture  is  iil>deilned.  For  these  reasons  I  have 
wHhdiawn  the  fnniBrnanHb  and  I  think  that  ihe  foaiil  ipedae  ii  much  nearer  related 
to  Solarium  dofMOMMi  than  any  other  speeiea.  I  need  hardly  mention  that 
Solarium  eyclotiomum  and  Solarium  dorauosum  are  very  closely  related  to  each 
othert  both  being  characterised  by  a  slightly  flattened  ambitus  of  the  body 
vliod,  whidh  hean  »  bioad  farrow  with  a  fine  eential  kaaL 

Toiiiiu.Bmn«A,  NoeObg,  apeo.,  Fk  XTII,figh  9Q| 

IM.    aVwA—  MUka,  VtMn,  ICoe ,  F.tu.  TJyr-r  Bnrm.    Mnm.  fluw^  afU^  UNi,Tll.ZZV]|.' 

p.  16,  pi  IV,  tigi.  1,  la,  U,  3.  ]|* 

MBlSOaSMBKTS. 

noiM  eema. 

Wici'^         .       12-5  ., 

The  shell  ia  depreiaed,  conical  in  shape,  of  rather  small  aise,  and  ooosists  of 
ahouk  serea  low  whoris. 

The  embryonic  whorls  have  not  been  observed.  Tho  spire  whorls  four  in 
number  are  low  and  very  gradually  increase  in  height ;  the  sides  are  ilat  or  slightly 
eoBoaTe;  the  antore  to  Tery  sharply  marked.  The  earlier  whorls  are  perfectly 
tmootb,  only  a  slightly  indicated  furrow  runs  along  the  posterior  end,  close  to  tlia 
suture.  On  the  penultimate  wborl  a  few  indistinct  smooth  revolving  keels  begin 
to  appear,  which  become  stronger  on  the  body  whorL 

The  liody  whorl  dUbra  In  no  way  ftom  the  spiral  wboiils»  oxeBpt  fliat  ite  flank 
heooniaa  a  little  more  concave ;  the  mai^in  is  rounded  and  the  leTolving  keeb 
become  more  numerous  and  distinct ;  they  are  separated  by  interstioea  whieb  are 
linear  near  the  ambitus,  but  become  wider  distant  towards  the  sntore. 

Thahpsalsahnoatflat  and  oovned  with  dodlar  reroMag  kaeb  at  the  npper 
rida  of  the  body  wlM»U<nl7  that  tha  Interstioea  iaoceaM  in  width  firamtha  ambitDB 

ta 
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towards  the  umbilioiu,  Ilu  umbilku  ii  fairly  wida^  iti  mlU  lis  set  with  fine 
loogitudinal  ridges. 

Apertnn  not  olMeima. 

iSteitffhai  occurrence.— 

SOM  of  0«neeUana  martiniana,  Mbbo. 
Anw  ot  Parocgathiu  eaeruleu$t  Yeoangjat. 

JteMMvAv.— In  my  ftnt  paper  I  olaasiAed  tiib  apaeiM  tmilflr  the  foiciie  hmm  of 
**'Troehu$,"  but  having  it  rmro  carefully  esamineii  since  I  think  it  better  to  include 
it  among  the  sub-geiLuB  Toriaia,  The  general  shape  aod  the  wide  umbiiioas,  the 
vill  of  wUoh  TB  Nk  with  fine  loogitadinal  fbldi.  tather  Bpeak  for  Solaritm  tlm  for 
Trochut,  A  smooth  shell  almost  destituto  of  any  .ornamentation,  ezoapfe  ft  few 
reyolving  keels  on  the  body  whorl,  having  a  base  which  is  covered  with  very  regu- 
lar revolving  keels  of  eq^ual  sfatength,  roadily  distinguishes  tliis  species  from  the 
other  two  liece  deioribed. 

No  linllir  epeoiei  bM  iMen  deaeribed  oltbevtrom  Jtm,  Soiufan  or  Wostem 
India. 

Neither  ooald  I  discover  any  living  or  fossil  species  to  which  it  could  be  oom- 
pued,  ud  wo  mvat  anppoie  that  TarMa  MUUm  repfeienti  ft  ijft  wbidi  it  extinet 
amoDg  the  present  fauna  of  the  Indian  Ooefto^  but  wbidl  may  llftTO  ft  lOliitiTO'in 

the  older  Tertiary  beds  of  India  or  Burma, 

Genus :  DISCOHELIX,  Danker. 

There  can  be  not  the  slightest  doubt  that  the  specie*  here  described  really  belonga 
to  the  genus  Jiiecohelue,  Punker.  Its  oouurrenoe  in  the  Miocene  of  JBapna  ii 
pftitioalarly  intereiting,  not  only  beewiM  tt  wAaa  almoit  oertain  that  it  doea  not 
exist  amoog  the  living  fauna  of  the  Indian  Ocean,  but  much  more  ao  on  accoont 
of  the  geographical  distribution  of  this  genus.  Tlie  living  species  seems  to  be 
restricted  to  the  Mediterranean  while  the  fossil  ones  appear  to  have  a  wider  range, 
as  aoeordbg  to  Fiaeber  J)iwwii«ii#  oocnrs  alio  in  tiio  Boeeno  of  Alabftma.  If  it  bo 
tfOO  that  Ditcokelix  is  at  present  restricted  to  the  Lusitauian  province,  the  occur- 
rence of  that  genus  in  the  Uiouene  of  Burma  would  be  the  tutiy  £aiopeaa  (eatnra 
in  the  Miocene  fauna  of  Burma. 


DiscoHKLix  MINCTA,  Noetling,  ri.  XVII,.  fig.  23,  a-d. 
JSSfi.  ZKtciMMw  minmla,  NmUIoc  Uioe.  Fen.  VjfftT  Bamm.  Mmb.  (i«iilog.  6amj  tf  ladit,  im,  Yd.  JLXYU, 

^u»li.Ir,%alla•. 


WHth       .    .fO  » 
ifMsHi*.  U0* 

The  shell  is  of  very  small  sink perfteay-flat add  djaMfoHtfiBiiiape^ 
of  about  sz  flat  angular  whorls. 
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Embryonio  vhorls  not  observed. 

Tho  spiro  vhorla  are  perfectly  depressed,  and  as  the  body  whorl  ia  conaiderablj 
higher,  the  upper  aide  of  tbe  abell  U  slightly  ooncare. 

The  whorb  vhleh  an  Ketangnbr  in  ahapsb  iBoraaae  vttj  alowlj  in  width  and 

are  separated  by  a  sharply  defined  suture;  they  are  perfectly  smooth,  and  there  is  no 
omamentatioQ  except  a  sharp  graDuiated  keel  which  ia  traceable  almost  to  the  apex 
nmaing  along  the  anterior  edge. 

The  body  whorl  differs  in  no  way  from  the  spire  whorls,  ifi  "nggtr  rfde  ia 
gently  sloping  towards  the  apex,  the  ambitus  is  flattened  and  iti  UppttM  mil  M 
the  lower  edge  set  with  a  sharp  granulated  keel. 

Baie  not  obMFfed  hnt  appawntly  deeply  oononTo. 

0«ttogieal  occurrence.— 

Zono  of  Cancellaria  marliniana,  Minbu. 

Bemarki. — The  specimen  first  described  has  remained  the  only  one  which  has 
come  under  examination.  As  it  is  not  Tory  well  preserved  I  refrain  from  comparing 
it  with  other  apeelea  of  tUa  genua ;  yet  it  aeema  oectpfai  that  there  eilata  no  liWag 
relative  amnns:  tlie  fnnna  of  the  T:iflian  Ocean.  Tn  my  previous  memoir  I  mentione-l 
that  Ditoohelis  mintUa  bears  a  great  simiiarity  to  Diaookcli*  soHcleat  Phil.,  a  view 
which  I  found  no  reaaon  to  ohanga  We  are  tberelore  obliged  to  mibbm  that  DU- 
eokelUf  mkmio  is  one  of  the  very  rare  iaatanoei  in  whiehnapeciaa  from  the  IBdeeniB 
el  Borotn  enn  be  raf  «red  to  a  Buiopeui  one. 

Eamily :  SCdLARlP^^  Obena. 

Genoa  :BOAIiABIA,  Lamarok. 

On  the  following  pngee  foor  qeoleo  haTo  heen  deaeiihed  aa  hfllonging  to  tUa 
genns ,  which  oan  be  easily  diitingniahed  as  foUowa : — 

A  Whorls  oaonacted^ 

(■)  Kb  mohing  «tri«  on  tha  intwrtteM  of  ths  longitodiosl  abt, 

(m)  'Whorls  angular,  ribe  numerous  and  dosriy  ssL 

(ti)  whoiis  mnJcd,  ribs  ttnr,  wtwistsfl  lif 'Imsd  intmfissiii 

2.  Smhria  Ifplophtrata,  spe<'.  nov. 
(i)  B«f olving  ttri»  on     intantiois  of  ttia  loagitadiiMl  nlis. 
t.  anhma  iirwrnmrn,  NostSag. 
B.  ^Fhoda  dfaioiinected-> 

4.  Sealaria  (?)  irreyularit,  Xoetliog. 

The  species  here  mentioned  are  unfortunately  not  particularly  well  presorved, 
and  it  ia  thcceCofediflloDlt  to  deoMo  to  wUeh  aab-genna  a  eertain  apedlealniay  belongs 

yet  I  do  not  think  that  T  make  a  mistjtke  if  I  assume  that  Sealaria  spaihiea 
belongs  to  tbe  sub-genus  Ojfalia,  Sealaria  leptopleurata  to  Olathrut,  Sealaria 
Urmamioa  perhaps  to  (MraoMwa,  while  the  position  of  .iSea^M  irregtdaria  must 
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The  relationsliip  of  thesfi  four  sppoio^s  is  varicfl,  liul  of  none  a  direct  oonneotioa 
witli  a  liviog  speoies  could  be  Butmfaulorilv  traced  ;  this  may  bo  due  to  the  atate  of 
preaerTation,  aad  more  oomplete  tbeUs  aUow  perhaps  for  a  bettar  oomparbon.  As 
far  as  I  bare  ImOI  able  to  say,  two  sprcies,  vis  ,  Sailaria  lejAopleurata  and  Scdaria 
iirmaniea,  appear  to  be  related  to  species  inbabiting  tbe  Indian  Ocean.  Seatari* 
$pothiea  bears  tha  daiert  NiamUaiiaa  to  a  qWfliiBi  hem  Hba  Pmb  Eooene,  whila  m 
lalatiniialiiqp  eouU  be  teaoed  of  SeaUurim  irrtgidarit. 

BCAIABU  8PATB10A,  tpeO.  HOT.,  Fl.  ZTII,  fig*.  27.  Sfo. 

IM,  SUlarU  irtlWtffilMif/ii,  HMtting,  Uioe.  torn.  Oifw  BanM,  Hm.  Qtaliif.         of  ladU,  IBM, 
TiL  XXVII,  ^  Mb  VL  T.  Ifhlk  Ifc 

IfiUMnUMKRIi 

ITelttht         .   li-6  mm.  QMim|ltll)> 
Width         .  i-A  mm. 
AlinlMgto  . 

No  otber  apadittta  but  tbe  fngveiik  ooBristiiig  o(  four  wborla  only,  vbioh  I 

described  in  my  previous  memoir,  hiu  oome  under  examination.  Tbe  shell  was 
apparently  of  small  size  only,  and  wbea  complete,  it  cannot  have  measured  mneb 
more  tban  SO  mm.  in  length.  The  vhorla  aie  toidd  but  dighfly  flattened  at  the 
Rinhitus  and  separated  by  a  deep  satUM.  Ibesnrfaoe  is  covrrod  with  fine  hut 
sbarply  raised  longitudinal,  somewrbat  obliquely  inclined  ribs,  wbicb  are  separated  by 
slightly  broader  ooncare  intecstioes.  Ribe  and  interstioea  are  perfectly  smooth,  and 
there  are  aboat  90  to  85  te  one  volution.  The  flattening  of  the  oantial  portion  <tf 
the  whorls  produr!<><;  a  peculiar  broheii  appeanuioe  of  the  ribs. 

Geological  occurrenee,-— 

Zone  of  OwMeJIafte  asorfMiMM,  Minbu. 

JRemark$. — In  my  first  paper  I  identified  this  species  with  Scalaria  mbtenmla- 
mella,  d*  Aroh.,  and  there  is  no  doubt  that  it  has  the  greatest  similarity  with  tbe  speeies 
here  described ;  it  may  be  possible  that  both  speciea  are  identical,  yet  it  seems  that 
Seataria  atAtemillamaia  bad  a  muoh  shorter  abell  with  a  larger  a^eal  angle,  while 
that  of  Scalaria  tpathioa  is  more  elongate  and  the  apical  anf^'le  smaller.  I  thought 
lit  therefore,  better  to  distinguish  this  species  under  a  new  name,  and  leave  it  to 
future  lasearefaes  when  the  examination  of  tbe  Miocene  fossils  from  Western  India 
will  be  taken  up^  to  dedde  whether  tlia  twu  epeoiea  aie  really  identioal. 

Soalaria  npath'Ca  rcspmhlps  slightly  to  Scnhtria  Icplnplamtia  and  Scalaria 
himauica;  from  the  former  it  can  be  easily  distinguished  by  the  angular  whorls, 
the  mora  nuaderous  and  more  dkMely  set  longitudinal  ribs,  from  tbe  latter  by  tbe 
smooth  interstices. 

I  oould  not  find  any  living  relative  of  this  spt-cies,  and  it  may  be  probable  that 
it  represents  an  extinguished  type ;  the  cLaraoter  of  the  ornamentation  is,  however, 
80  aimiuv  to  Maria  oMilfflaHMlla.  Bast.,  from  the  Eooene  of  Fhiiiiitbnft  I  Mosldav 
fhiitpeoiesaenvaiyneMeidBtiTeof  Maria  nMfMM* 
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:.  SOA&ABIA.  LUTOPLBURATA,  spec.  nOT.,  PI.  XVII,  figa.  24,  24(1. 

MEigCUUUSTS. 

Selfht      .  ISO  ma. 

Width       .    6-S  „ 
Af  ieal  sngle  18' 

The  U^h  ibeU  ia  ol  small  sis«,  tensted  in  shape  and  oondsta  of  mom  tlwii 

«Ight  tam'id  whorls.  Unfortanateiy  the  aipas  is  brokaa  off|  so  the  Mnbfjonio 

vhorls  could  not  be  observed. 

Tbe  spire  whorls  whioh  are  oertaialy  not  leas  in  number  than  eighty  are  strongly 
infleled  and  insnass  vary  skiwiy  in  height.  They  wn  sepented  by  »  sharp  and 

deep  suture.  Tiie  oraameatation  consista  in  rather  thin  but  sharp,  raised  longitu- 
dinal ribj,  whioh  are  aepacated  by  smooth  oonoare  interstioes  baring  about  double 
their  breadth;  the  nomber  of  ribs  to ama  voUtioft  OMMt  qaite be  aMstaiiwd,  but 
tbe  rib  of  each  nicoeeding  whorl  follows  diieotly  in  the  eontiniiBtfam  of  that  of  the 

preceding  one.    Ba*e  not  observed. 

Aperture  longitudinal,  somewhat  oblique,  outer  lip  sharp,  inner  lip  slightly 
eaUooB. 

fl^epldylMl  009iirrSMM. 

Zone  of  7)ione  dnbioi^a,  Yonansyat. 

Bemarks. — Only  a  single  speoimen  of  this  apeoies,  which  is  partly  imbedded  in 
the  loelc,  has  oome  under  ezsminatkm,  but  H  is  still  saOeieatly  well  pieserred  to 
define  its  chief  characters.  It  is  very  similar  to  SocUaria  birtnaniea,  but  can  be 
easily  diatin^uish  jd  by  a  smaller  numbor  of  longitudinal  ribs,  and  particular^  by 
the  smooth  iatersticee  whioh  are  devoid  of  any  revolving  ornamentation. 

If  it  weire  pennttted  to  OMupase  a  sbigle  fossil  speoiest  whioh  iu  additibn  is  not 
very  well  preserved,  with  one  of  the  living  speoiei,  particularly  if  only  a  figure  of 
that  specimen  is  available^  I  should  say  that  either  Sealaria  gracilu  or  Soalaria 
philipfiinantm,  Sowb.,  were  close  relations  of  the  apeoies  here  desoribed,  both  speoies 
iiiWiiithig  the  Tii^jB.n  Ocean. 

BoauiKU  UBiUHXOAt  NoefBttg,  PL  ZTU,  llga.  IB^  Ma. 

UN.  BoaMt  UmutUk  XwUiacllkic.  r<m.  Upjw  Batrnt,  Ite  flitlai.  lorvif  «( lalia, 

Tal  XXVII,  pi.  IV.  fiKi. »,  9a, 
UN.     »   Awv^Mik  an^Oat,  IDoo.  f«-.  I'rft  Barm*.  H«m.  Amv 

Td.  XXVII,  pi.  V.     1  (dm  S  ud  a>). 

Measubembnts. 
Bsight      .  80-6  nut. 
Widtk       .    e  • 
AfUslHfd*  UP 

The  ehtngated  shell  is  of  niMKnm  aiiQ,  tonetod  and  eouMs  of  more  than  ten 
whorls;  tbe  exact  number  cannot  be  fixed  because  the  apex  is  broken  off. 

The  s^  whods  are  rounded,  sepaxated  by  a  deep  iatnn^  aul  inorsase  Tory 
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gradually  ia  height.  The  ornamentation  oonaista  of  fine  rather  low  longitudinal 
ribs  of  wbioh  there  Breaboat  SO  to  aTolotion  vbieh  Kn  e^amted  by  slightly  broadtv 
interstices ;  the  anterior  face  of  each  rib  ia  set  with  sharply  engraved*  shcni  rerolTing 
lines,  8«>par»ted  by  lather  broad,  flat  interstices  ;  on  the  earlier  whorls  tbese  lines 
extend  also  partly  across  the  interstices,  but  they  never  ascend  on  the  posterior  face 
oC  the  Unq^tudinftl  rih^  which  remahw  perfeotlf  amooth. 

Body  whorl  and  aperture  not  ohaorrdU 

Geological  ocettrrence. — 

Zone  of  FarallelipipedumprolU0Htumm,  Eama. 
Zone  of  OaneeUaria  martimaiia,  Vitibu*  ■ 

Jtemarka. — This  species  is  easily  distingnisbetl  from  Sealurin  leptopUnratn 
hj^fbe  lai^r  number  of  longitodinal  ribs,  bat  partioolarly  by  tlie  finely  engraved 
Unaa  on  the  anteiiof  faoa  of  tiie  fonnar,  of  wUeh  no  inee  ii  vidUe  in  Seaimrim 
lefl^pieurata. 

K.  "Miartin  de«,cribetl  under  the  name  of  Sealaria  tamnrnnfjann,  i  frnc^mpntary 
specimen  which  appears  to  be  related  to  the  species  under  description;  in  fact 
I  ftmnolqdteoertidn  whether  the  two  Bpeoiesshoidd  not  he  eimddacedMtden 
Scalaria  tamatangmM  eppearR,  however,  to  have  a  less  elongate  shell  with  a 
larger  apical  nn!»le,  which  according  to  Martin's  figure  measures  about  25°.  Martin 
mentions  also  the  existence  of  "  spiral  ribs  "  in  the  iutorstices  in  addition  to  spiral 
Knei, «  f^atnre  which  doea  not  e^at  in  the  Burmn  apeoiaa. 

Scalaria  binmnica,  nnd  pf>rhaps  also  Scalaria  gnmarattgam  belong  to  the  gvonp 
of  Sealaria  delicatula  living  nowadays  in  the  Australian  Seas. 

On  doaer  examination  I  hare  heea  able  to  eenvinoe  a^eelf  tint  the  qeotmen 
of  AMeHa  Imyiitarit  flgoied  on  PL  IT,  ilg.  1,  of  ao^  fanner  memoir  ia  really  n 
oeatofthiaapeelea. 

SCAL.\.ETA.  (r)  IRREGULARIS,  NoetUog,  PI.  XVII,  flf?.  26. 

1885.    Sealaria  irrtstUarit,  NoatUnc.  Mioo.  Koa.  Upper  Banna.  Mtm.  Geolog.  Sarrej  of  lailia,  16t>&, 
T«L  ZZVU.  iL  tV,  ^  %  iMi 

Only  a  very  fragmentary  apeoimen  of  this  species  has  come  under  examination^ 
eoBflstinf?  of  about  2^  rounded  whorls  which  are  not  in  contact  with  each  other ; 
the  ornamentation  oonsuts  of  rather  irregular  broad  longitudinal  ribs  separated  by 
broad  interstices. 

Cfeological  occnrrmre. — 

Zone  of  Canoeilaria  nMrtiniana,  Minbn. 

BmmpJIis.— The  ftegmmtary  specimen  itAder  enndnation  is  nnfortnnatefy  too 
ni-preserrod  to  allow  for  taj  further  description,  except  the  above  few  words.  In- 
asmuch as  it  ia,  however,  readily  distinguished  by  the  free  whorls  and  the  somo- 
wbat  irregular  longitudinal  ribs,  it  certainly  represents  a  species  different  from  the 
otben.  I  admit,  hdW^nrar,  tlnitlt  wonldluira  been  hotter  not  to  dbtbignlsh^t  by 
n  epeoiflD  namew  The  specimen  figured  under  figs.  S,  2a  of  mf  memoir  tuns  out 
on  doaer  examination  to  be  a  caat  of  SeHaria  Urmomko, 
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1  could  not  find  any  living  nor  fossil  species  lo  which  I  might  compare 
Sealaria  irregularis  ;  this  may,  howerer,  be  only  due  to  the  imperfect  »tate  of 
pienrratioo,  wfalob  cendtn  eran  tha  ganario  position  ntber  donbtfoL 


2.  Section;  T.£2ilOGl.08SA,  Troscliel. 
I.  H0L08I0HATA. 
FiMiily:  TURSITSIIDM,  Giay. 

Oemu:  IU££IIEI«LA,  Lunank. 

On  the  foUowfaig  pages  aeren  apeoieB  bsTe  been  daaoribed  vUidi  oaa  be  eaaily 
AatiDgaiabad  aa  foUowa 

JU  WllorU  angnlar,  cuinated. 

(«}  Ona  stroog  iharp  kad. 

(m)  FNtatiorportiooofwliorbwith  nniMraiii  Ifawkadi. 

1.  T:irr\'r:':!  an'julii'a,  Soworby. 

{bb)  Fggterior  portion  of  whorls  with  only  tJirae  fine  keai^  tmooth  on .  1x4/ 

2.  Turn!(l!a  timplta,  JanMuk 
(i)  Two  ttrong  sharp  keels. 

5.  IWrttcfb  asHtumuiUtt  Ponhir. 

Bi  Whorls  rouncW, 

(a)  Keels  saiooth. 

4.  ftmMU  IfiMiri,  ■ptcan'. 
(1}  Kads  granuloM. 

6.  TmrriUlla,  spec. 

■0.  Wbodsflkt. 

(•}  KmIs  ainiiggd  in  two  sets. 

6.  Turrilella  t^ffiiii/ormu,  spoc.  nor. 
{I)  Ktda  evenly  distributed. 

7.  2Wr*^/<c  UiepUmmla,  spte.  BCT. 

If  we  except  No.  6(  wkich  has  not  been  Bpe<nAoally  detenniaed,  the  ax, 
species  hero  described  represent  all  extinct  typos,  as  notwithstanding  a  certain 
external  similarity  which  Turritelia  timplex  and  Xurritella  lydekkeri  have  with 
MOW  apeolea  Hving  in  the  Indian  Ooeui,  no  tnie  idationiUp  exlata  between  Hiein. 
On  the  other  hand,  it  seems  that  Turritelia  acuticarimta,  Turritelia  angutata, 
Turrilella  leioplenratu,  Turritelia  lydekkeri,  are  closely  related  to  species  from  the 
Paris  Eooene,  while  no  fiDaail  lelatiyea  ooold  be  traced  of  Turritelia  timplex  and 
TfrnfMOa  «fglH^fbmk,  which  probably  represent  indigenooa  ^^peab  baving  tbeit 
SMnal  nlsttvee  among  the  fanna  of  the  Indian  Eooena 
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TvKBinuA  unmMAt  J.  de  Cade  Somrlqr*  Pl<  XTU^  ligh  18. 14^  16,  Uo. 

wo.  AfWMfa  ftVafafo,  J.  d«  Clit  Sowwtgr,  ttaMMb  OHhff.S«tv  •!  Umim,  INDb 
pi.  ZXTI.  fig.  7. 

j>.aM,  pLxxvii.  6-a. 

All  the  specimeiu  uoder  examination  are  too  fragmentary  to  allow  for  any 
measurementa,  bnt  the  shell  may  attain  a  sito  of  not  l«es  than  60  mm.  It  is 
toxratad  in  alupe  and  eomaiali  of  niuBeroiu  angolar  whwh  Mpanted  hy  a  da«p 

suture.  Tho  ornamentation  consists  of  smooth  revolving  keeb,  one  of  which 
becomes  at  an  early  ago  much  stronger  than  the  others,  and  divides  Ihesurfaoeof  the 
whorla  into  two  yvty  unequal  portions ;  the  posterior  one  elopea  gently  towarda  the 
aatnze  and  b  ooiuiderably  larger  than  (ho  anterior  portion  which  slopes  steeply 
towards  the  suttiro;  on  the  posterior  portion  there  are  from  five  to  six  fine  keels  of 
varying  strength,  while  on  the  anterior  portion  there  about  twoi  one  o£  wbioli 
aLgmt  eqiiali  in  afMogtti  fhe  dividing  ked. 

OiohgMoecmrreiue.— 

Unknown ;  probably  Thayetmyo. 

Memarkf. — The  geological  horizon  of  this  species  is  unfortunately  not  known  ; 
ik  it  perhaps  probable  that  this  species  characterises  Mr.  Xheobald's  Turritelia 
lied,  in  whieh  oaae  it  would  ooonr  at  the  top  of  tho  TtmmffyomiffUm. 

Tmrilella  angnlata  is  \  ory  closely  related  to  Turritelia  ghnplex  and  TurriMlv 
aeuHeorinato,  in  fact  a  spccilio  distinction  is  almost  impossible  n  hen  tho  specimens 
are  not  well  prMrrad.  Bo  fiff  I  aaa  not  aUe  to  aaj  whotlier  there  is  any  speciiic 
dbttBolioa  between  TmrrUeUa  tmgulaU  and  UtiB  otiier  two  apoeiea,  hat  it  aeema  that 
at  an  ago  when  in  Turritelia  timplex  and  Tiirritrlht  ncuticorinata  Nn.  1  keel  is 
not  yet  raised  above  the  others,  this  same  keel  is  well  marked  in  Turritelia  angulata. 
It  b  fudier  unqneiiionaUe  that  in  Turrii^i^  wngMlUda  the  proportion  between  the 
two  porta  of  the  surface  of  tho  whorls  is  much  smaller  than  that  of  TurriteUa 
gimp^rx  and  Turritelia  acuticarinata.  With  regard  to  the  ornamentation  it  is 
unquestionable  that  there  are  a  larger  number  of  keels  on  the  posterior  portkn 
than  in  either  TntriMU  $imfi«»  or  TwriMki  wnrfioflrfMte,  aid  thera  koab 
do  not  become  ellaoad  aa  in  thoao  speoiaa^  bnt  keqp  on  in  tbo  aaneatNBgtb  up  to 
the  outer  lip. 

Messrs.  d'Aicbiao  and  Haime  have  figured  quite  a  number  of  varieties  of 
TmrUMa  aaywlala  wbioh  tn,  honwwr,  all  diatingiiiBbed  by  tbo  above  ohaiao' 

tcristic  features:  a  small  proportion  Vetwoen  the  nnterior  and  postorinr  portion  of 
the  sorfooe,  a  larger  number  of  keels,  which  extend  up  to  the  end  of  the  body 
whorl. 

TtirrlMla  augvhtn  baa  apparently  no  living  relative  among  Hie  fauna  of  tlio 

Indian  Ocmn  and  reprrsf^nts  therefore  an  extinct  type, -which  may  perhapo  have  n 
near  relative  in  'iurritella  cari»\fera,  Deshayes,  from  the  Paris  Eocene. 
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TrrRniTELLA  stMi>LKZ,  Jenkins,  PI.  XYIII,  fig».  1,  la,  2,  2a,  3,  So,  4,  4a. 

tan     .      »  llMti>|,fl■M>,Mf#M«|^«,■LZI.l»la^lll■,ll.lu. 

Mumnimm 

M*I|M  .  Wm. 
Width  MO  , 

*|IwIm|I«   .  ir 

TLe  elongate,  turreted  shell  attjiina  a  considerable  size  aa  one  specimen,  though 
broken  tX  its  apical  end,  could  not  liavo  measured  less  than  117  mm.  in  length.  It 
conaiata  of  at  bait  16  angular  whorls,  gradually  increasing  in  height 

fhe  «mhrjonio  whorls  could  not  be  ohserred  in  any  of  the  apedmena. 

The  spire  whorls,  of  which  there  are  certainly  not  leas  than  14,  hut  perhaps  more, 
ehtnge  considerably  in  abape  and  omnnMntntion  during  adrancing  age.  The  first 
■efvi  whorla  an  ronnded  uid  aapanled  bj  n tbarp cntimi  the eauunentatloa  eoitf 
data  of  fine  but  sharp  revolving  keela.  Are  of  whioh  are  of  eqoal  stiengtb,  hut 
stronger  than  those  whioh  may  be  ohserred  in  the  broad  interstices.  At  a  very 
early  age  keel  No.  3  becomes  stronger  than  the  others,  and  increasing  in  strength 
the  whorla  beoooie  aagoltr,  beoaoae  they  dope  In  oppoilte  dlreetloB  fiom  this  keeli 
the  poeterior  portion  being  about  twice  as  high  as  the  anterior  portion,  which  slopes 
very  steeply  towards  tlie  aatiire.  The  posterior  portion  is  still  provided  with  three 
line  keels,  which  form  e  eentnl  band,  while  the  interoiediate  finer  Uoaa  kAve  die* 
ftppeawrf-  On  the  anterior  portion  keel  No.  2  is  strong  and  well  marked,  while 
IndNo.  1  is  t^LMiorally  hidden  by  the  suture.  With  adranoing  ago  this  ornamentation 
iMHffmy  also  e£Eaoed  and  the  whorla  appear  smooth,  except  for  numerous  longi* 
t^iiiii*!  itrin  ef  gmwth.  The  body  whorl  diffsn  inBow»y  lirom  tbooeof  tiw 
epiie,  ito  beee  fa  strongly  inflated,  and  there  is  another  revoiTing  heel  in  front  of 
Vo.  1  which  on  the  earlier  whorls  ooincides  with  the  suture. 

Aperture  not  well  obserred ;  it  was  apparently  snxall,  somewhat  rectangular 
inahepe;  ontar  lip  not  obwmd,  inner  l^tUn,  Inflated,  perfecttjr  eoveiing  iiie 
tunbilicus. 

Geological  occurrence. — 

Zone  of  Mytilut  nicoharicui,  Singu. 

Zone  of  Mm  ihnMdi,  Kmbm. 

Zone  of  PerolWip^edem  jwvl o<er(MfiiMi  Kama. 

Bemark$. — This  species  has  been  well  figured  and  described  by  Martin,  and 
no  doubt  can  exist  with  regard  to  the  identity  of  the  specimens  from  Burma  with 
those  deaorihed  from  Java. 

TmHtttt*  timplet  h  easily  distinguished  from  Tttrri7«//a  0011/ icaptiiaf a  by  a 
siricrlf"  ''hnrp  keel  runnins,'  at  about  J  of  the  height  of  the  whoris,  while  in  thelaat* 
named  species  there  are  two  suob  keels  running  olosely  together. 

TumhUa  timptes  been  the  .doaMt  idationdilp  to  gWrtWto  dapMe, 

ts 
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Lam.,  from  tlio  Tniliin  Ocean,  in  fact  the  aimilarity  is  so  great  that  it  is  difficult  to 
discover  any  dillerenocs.  Yet  on  oloMr  examination  it  will  bo  seen  tliat  both 
speoiu  aie  dittiiietty  diffarent  tlKMish  tlwir  1»r6|ibio  atage  is  •Imnfe  alike.  Daring 
tbe  brcpbic  stage  the  vrborls  aro  rounded  in  both  species,  and  covered  with  tarn 
smooth  revolving  ohords ;  in  TurriMla  timpl^a  there  are,  howerer,  five  chords  mora 
prominent  than  the  finer  onaa  oeooniDg  in  the  interstices,  while  in  TurriMta 
iapUeatm  there  eve  about  tea  diotda  of  equal  strength  separated  hj  amooth  intarw 
Btices.  "Whetbor  these  differences  are  material  or  not  1  am  unable  to  say,  Imtthe 
probability  that  both  species  had  a  cotnmoa  ancestor  is  by  do  means  small. 

The  apedfie  diffoNDoea  iMgia,  howerer,  to  appear  soon ;  keel  No.  S  riaaa  Ttgj 
qaaoldr  in  TiurUelta  simples  snd  the  profile  line  of  the  whorls  beooouo  veij 
anguhr — a  feature  which  Ls  more  and  more  acoentuatod  with  advaneing  age.  On 
the  posterior  portion  of  tbe  wborls  only  three  fine  chords  remain  visible,  while  the 
iiteralioBs  an  apperentty  aawoth. 

In  Tutritella  duplieata  keel  No.  8  becomes  also  stronger  than  tbe  others,  but 
it  never  rises  to  such  an  extent  as  in  Turritella  timples  ;  tbe  angle  formed  by  the 
posterior  and  anterior  portion  of  the  whorls  remains  therefore  much  more  obtuse 
(IM"— 1B8^  than  in  TwrrtMla  timples,  wfaeve  it  amonnto  to  onlj  U4*— 116*. 

In  aMitinn  to  tliis  difference  tbe  surface  nf  the  whorls  is  covered  vitli  numer- 
ous, very  line  revolving  lines,  of  which  no  trace  oould  he  diaooTerred  in  Turritella 

Tlioagh  TurrUdlo  timptex  bears  tliarefofe  an  external  ainiihiity  to  IWW- 

tella  dupli'jnta,  there  exists  no  further  relationship  betwcfn  the  twa,  except  that 
they  had  perhaps  a  oommon  ancestor.  We  must  therefore  suppose  that  XurriteUa 
aimples  lepreienti  a  tjfm  extinat  among  tbe  fmne  of  the  Indian  Ooean, 
wUoh  moat  piobebly  hnd  iU  nea^  xalaliTe  in  the  Booen^  ct  India. 

TavmoAL  aomnauvAna,  Beaker,  PI.  XVIII,  figs.  6,     fl^  7, 7«. 

18S4.  J^rriMlstmMmfmU*,  JmtVn,  Juw  rMiOi.  QHit  Jmh.  OmUog.  fca.  li  iMim,  IM^ 

To).  XX,  p.  88,  »1.  VII,  fig.  1 
1870.  TTriMa  aeuticarimHaf  Uwtia,  Tertiii.  nf  Jftn.  p  .69,  pL  XII,  fip.  9  ud  4. 

WusvaaauTi. 

Baigbt  .       .   60  mn. 

WMtk  .    .  n  » 

AfMwm^  .  iS»-W* 

TIm  ahell  is  elongatafy  tonetod,  and  tlioagh  of  eoiuideiableaiie  it  appeaie  that 

it  doo8  not  attain  the  lar;rfm(>55  of  Turritella  timp^fx.  It  further  soems  certaia 
that  the  apioal  angle  changes  with  advancing  age;  in  younger  specimens  it  was 
apparently  smaller  tban  in  full  grown  ones,  where  it  beoemes  slightly  larger  from 
tbe  moment  the  ornamentation  begins  to  change.  This  feature  is  well  iUiis* 
trated  by  fisf.  5,  so  that  tbore  can  be  no  doubt  about  this  change  tikinj^  place. 

Ihe  embryonic  whorls  have  not  been  observed  in  an}-  of  the  specimens  under 
ezanohuUSon. 
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Tbe  spire  consists  of  not  less  than  10  whorls,  which  very  gmdually  increase  in 
lioiirht  and  in  the  earlier  whorls  are  separated  by  a  sharp  and  well  marked  suturo 
wluoU  beoomes,  howerer,  lees  distioot  later  on.  The  first  fire  or  six  whorls  are  slightly 
KNuuM  and  ara  ntwitb  five  nvolviiigkeelB  of  aimMt  equal  Btieni^,  of  whioh 

Nos.  3  anil  -1,  soem  slit^'litly  sfroii'jrer  than  thi»  others;  thfso  keels  aro  separated  by 
broad  interstices  which  are  filled  out  by  an  irregular  uutuber  of  much  finer  filiform 
levolTing  linea.  Terjr  mod  No.  8  Iced  ooBUlMilfles  to  get  stronger  and  more  promi- 
nent fhan  the  others,  and  tho  sides  of  til*  whorla  begin  to  slope  in  opposite  direotion 
from  this  keel ;  afterwards  keel  No  4  commences  to  become  stronj^er  and  soon  attains 
the  same  strength  as  Ko.  3,  both  being  separated  by  a  broad  conoare  furrow ;  the 
ounainantatiaiii  od  tin  {Matarkir  portloiL  of  the  wborlt  begins  to  disappear,  at  tba 
same  time  the  sides  become  oonoaTe  and  only  keel  No.  2  on  the  anterior  portion 
xamains  visible. 

The  body  whorl  aCTords  therefore  a  totally  different  aspect  from  tho  earlier 
■plte  whorls;  twoitnngand  tbaqily  n^sed  verolring  keels  separated  by  a  broad 

eOBCare  fniTow  nm  at  about  tlie  niidillo  of  its  hoia;tit,  tlu»  upper  portion  heinsj 
slightly  concave  and  smooth,  the  lower  portion  or  base  strongly  inflated  and  sot  with 
two  floe  rerolring  keels,  one  of  wbiob  representing  No.  S  ■  almost  obliterated, 
while  Ka  1  in  front  of  the  latter  which  on  the  earlier  whorls  just  runs  underneath 
the  suturo  is  slightly  stronger.  Tl>e  body  whorl  is  just  perceptibly  deflected, 
as  is  distinctly  proved  by  the  appearaace  of  No.  1  keel  whioh,  as  already  stated* 
is  on  the  earlier  whorls  hULdsn  beneath  tiie  suture  and  now  beoomes  Tisible  on  the 
penultimate  whorl  above  it.  The  deflection  is  further  proved  by  the  two  strong 
keels,  which,  instead  of  rnnning  paraUal  to  those  of  the  penultimate  whorl, 
form  a  distinct  angle  with  them. 

Apeiture  not  well  ebaecred;  apftaieutly  wmewhat  reotangular;  inner  lip 
inileeted  and  ooTetfng  the  umbiUeui. 

Geological  occurrence. — 

Zone  of  Area  theobaldi,  Kama. 

Zone  ol  FaralMipifedtm  pr9lot0rtuomuh  EanML 

Semarkt^TbuM  ean  be  not  the  slightest  doubt  that  this  spaoies  la  identieal 
with  Bunker's  Turritella  aeutioarinata,  the  ornamentatinn  of  this  species  is  too 
obaraeteristio  not  to  be  reeogniaed.  Martin  has  demoo&trated  that  Turritella 
tumtietrngtilaUi,  JeAina,  must' be  doasidmd  aa  ideatioal  with  Dunlrar*a  species,  and 
he  also  dwelt  on  the  fact  that  certain  Tarieties  resemble  yonng  specimens  of 
TttrrUelli  simpler.  Tttrriielht  acutiearimla  is  in  fact  very  elosely  related  to 
TurrUelia  timvLex,  and  at  the  iini  glance  both  might  be  oonsidered  as  one  and 
the  aame  afieeiea ;  there  ieno  doubt  that  during  the  bflephio  atage  both  apeefaa  are 
exactly  alike,  and  tliat  a  specifle  distinetion  at  that  age  is  impossible ;  it  is  only  during 
theneanio  stage  that  the  diffaieneaa  whidh  aeparate  both  species  commence.  Full 
grawu  apeoimetta  of  flnriMle  •oaOtwimaUi  aie  easily  distinguishable  by  two 
abarp  keels  aeparated  by  adeepoonesre  fun«w»  wUkrin  ZVrrrif«Oc  9hnpte»  the 
lame  part  of  the  whorl  is  occupie<l  by  a  single  sharp  keeL 

There  ia  no  living  species  among  the  fauna  of  the  Indian  Ocean  related  io 
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Turritelia  acu>ieariAala  which  therefore  repreaenti  an  extinct  type;  oo  the 
otha  hand,  tliara  if  not  the  aUgbteat  doubt  tint  it  ia  eloael j  related  to  faim/clfa 
fa$eimU,  laak^  from  the  Eooone. 


ToatuTBUA  bntEKBiu,  >pee.  nor.,  PL  ZYIU,  ilga.  11,  12,  lt«k 

MtAacminiKitn. 

Width  .  li«  „ 

Tlie  ahell  k  of  doogale  tarreted  shape,  and  ita  total  length  cannot  bsve  been 
leaa  than  70  mm. ;  unfortanately  both  specimens  are  incomplete',  but  the  ooimplcto 
abell  must  have  oonsiated  of  not  len  than  15  aligbtl;  rounded  wborla. 

Tho  embiTonio  wboila  bare  not  been  obeemd.  The  spin  wboria  aie  loonded, 
■loiriy  inoreasiDg  in  heiglit  aod  separated  by  a  deep  and  sharp  suture.  The  orna- 
mentation consists  of  alwut  ten  fine,  smooth  rcTolving  keels,  scparat^id  by  broader 
interstices,  in  which  now  and  then  a  secondary,  Tery  fine  keel  can  be  seen.  Noa  1 
and  2  keeli  are  aligbtly  stronger  than  the  otbera,  and  Ka  1,  wbidi  mna  doae  to  the 
Huture,  is  separated  from  it  by  a  rather  broad,  slightly  concave  hand,  and  by  another 
band  of  the  same  breadth  from  No.  2  keel,  both  are  covered  witti  a  number  of 
filiform  secondary  keels.  The  body  whorl  seems  to  difler  in  oo  way  from  the  apiie 
wborhi,  nod  ita  haae  ia  allghtly  rounded  and  smootli. 

Qtciogicfil  occurrence. — 

Zone  of  JParallelipipedum  proMortuotmm,  Kama. 

JtMNvHa.— The  ganeinl  ahape  and  theomamentatfan  diatfaigalaheB  thia  apeoiea 
easily  from  all  the  othen;  it  has  only  some  similarity  viith  Turritella  itio^tur^ui, 
from  which  it  ia,  hoiTOTei^  eoaily  diatinguiahed  by  the  rounded  whocJa,  and  the 
numerous  keela. 

TMrnteOtt  Ifinkiert  naemUea  ao  eloaely  two  epeoiea  fnm  the  Indian  Oeeaiii 

vit.,  Turritella  haciilutn,  Lmk.,  and  Turritella  infracotutriela,  Lmk.,  particularly 

to  the  first  named,  that  at  the  first  glance  it  might  be  mistaken  for  either  of  tliem. 
A  closer  sxamiuutiou  will,  however,  prove  that  there  is  no  true  reiatiouslup  between 
then. 

Turritella  huciUum  and  Turritella  lydekkeri  have  perfectly  difTerwrt 
earlier  spire  whorls;  in  the  former  species  they  are  angular  and  carinated,  and 
become  afterwards  rounded  and  erentually  flattened ;  in  TvrriUUo  Ifdekkvri  thcj 
an  founded  througbont,  and  none  of  the  keela  on  the  eoiUer  a|A(»  wboria  it 
Itionger  than  the  others,  but  they  axe  all  of  sub-equal  8trong;th. 

TttrHtella  in/racoiutrieta  haa  very  aimilar,  rounded  whorls  aa  Tmrritella 
f ircUteK* bat  their  ornamentation  ia  different;  in  the  foaiil  apedea  there  nn 
rather  strong  revolving  keels  separated  by  broad  interstioes,  in  which  a  few  finer 
chords  are  visible;  in  Turritella  it{fracontlrieta  the  whole  surface  is  covered  with 
very  fine  closely  set,  revolving  ohorda.  Though  it  ia  therefore  undouhtable  that 
ImrriMta  Ifdfkkert  winaaanta  a  ^pe  vbieb  ie  eslinot  mmng  the  pmcnt 
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faunn  of  the.  ladinn  Ouean  it  is  TOTJ  prob&ble  tlwt  It  Imm  iti  IMMMt  vd«tiTe  in 
TmrrUeUo  tmleifera.  Dee.,  (roni  tba  Flarii  Bocene. 

TuKRiTKiAA,  spec,  PL  XVIII,  figs.  8,  8/1. 

There  are  two  fragmeiitary,  much  roU«d  spocimeiu  of  h  Turritella  which  by 
the  feir  oharacters  that  remain,  prore  that  they  repreiMit  a  apffoie*  diffmot  fRMU 
tbooa  hitherto  described.  A?  however  the  state  of  preiervatioa  ia  too  fngmentary* 
I  have  refrainrd  from  distinijuiahincf  thnm  under  a  sp+'cial  name. 

The  shell  apparently  attained  oaly  a  small  size  aud  coosisted  of  about  nine 
aligbtly  tamid  whork  whibh  wwe  wparated  by  a  sharp  antore.  The  ovnamentatioa 
oonaists  of  revolving  giMttlar  keeU ;  the  granulations  seem  to  bava  baon  flonnooted 
by  thin  longitudinal  lines  pradnoiiig  a  kind  of  lattice  work. 

Oeologioal  oceurrettae,^ 

Zomt  of  FmratUl^fifedtim  praMartmotam,  Kama. 

XnufBUA  Mmxuoaam,  tpao.  wf^  PL  XTIIIt  flga.  9, 9o. 

Mi.  Umiai»*tMt,naMm>  Mb**  Vm.  Cpcrr  n»r  n..  Mm.  Oadoc.  Bmifit  Utk,  Utf. 

VtLZXTIl,pi.y,  £«i.4,4u. 

IbisvinnDm. 

Bciitht  .  >*avm.  n 

Widlli       .      .  Its  • 

A|iMsi^ 

The  womn  to  have  attained  a  oonsiderable  £iz*>,  though  there  is  not  a 
single  ppe-  irnon  completely  preserved.  It  is  very  regularly  torreted  iu  shape  and 
oomposed  o£  flat  whorls,  gradually  increasing  in  haight. 

The  anbcyoiio  whoria  hava  not  hee^  ohserred.  The  spire  is  oompoaed  of 
at  laaat  XO  ftat  tfhorls  which  ore  separated  by  a  sharp,  thon^h  ill-marked  suture. 
The  ornamentation  consists  of  smooth,  rounded  revolving  JteeU  of  which  tan  axe 
arranged  in  throe  groups;  the  moat  anterior  group  contatna  the  ■troogwt  keda  and 
ia  oomposed  of  thMe»  two  bioad  outer  and  a  finer  inner  one  which  is  separated  bjT 
a  broador  furro'.v  from  the  anterior,  than  from  the  posterior  one ;  then  follows  a 
group  of  five  keels  separated  by  sharply  engraved  interstices  increasing  in  strength 
in  posterior  dinotitm,  the  laat  ooe  bdng  tiie  broadeat,  and  then  two  vaiy  fUnt, 
haidlj  dkiinat  keels  separated  by  a  broad  flat  band  from  the  satoia.  Tba  whole 
•orface  is  covered  by  very  fine,  hardly  discernible  oblique  strioe. 

Body  whorl  not  observed,  but  probably  exactly  like  the  spire  whorls. 

Otologioal  ocearrwsag^— 

Zone  of  Cancellaria  martiniana,  Miubu. 
Zone  of  Paracyathus  caeruleu*,  Yenangyat. 

JLemarlu.—ihia  species  is  easily  distingniibed  from  tba  otben  by  ita  veiry  flat 
whorls,  and  in  this  cbanoter  it  only  resembles  TurrittUa  le%ople»rata,  but  from 
tliii  apeoiea  it  k  caaQy  distiaciusbad  by  a  larger  apkal  angles  and  partioalarly  by 
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th«  arrangement  of  tho  revolving  keels  in  three  distinct  groups  of  different  charac- 
ter ;  in  Turritella  leiopleurata  there  are  a  smaller  number  of  primary  keels  which 
■M  not  anmiiged  in  giattft,  bat  «fieoly  diatiibated  otner  the  mrftm  ot  iib»  trlioili. 

In  my  first  memoir  I  identified  this  sp:^c!M  with  T'MrrtVeWfl  n/7i«f.'?,  d' ArcHac 
and  ilaime^  but  I  already  remarked  on  some  dillerences  which  appear  to  characterise 
the  ipedmeda  ham.  Bomuu  On  eloier  ezaminaitian  I  think  bonerer,  better  to 
oonflider  the  Barma  apednmu  as  a  different  speoios.  Thoy  ana  Mttainlj  dNEonnt 
with  regard  to  the  shape  of  the  shell  which  must  have  Ijeen  very  elongate  or,  in 
other  worda,  liad  a  very  small  apical  angle  in  TurriteUa  ajfinit,  while  it  was  shwter 
md  bad  a  larger  apioal  angle  fai  TfurUetta  t^fftn^rmk.  If  Means.  d'Arebiao  and 
Haime's  flgares  aie  oorreot,  then  an  easy  diatlnotion  can  be  found  in  the  character  o( 
the  ornamentation,  irtiieb  though  recy  siniilar  would  differ  in  the  {oUowiag  features, 
vig.  .— 

(•)  Hmntn  altogafhar mora  ksdsia  ftrrsMb^si^Wanrthn  'a Tmritttbu^tmt. 

(i)  The  moii  anuH  r  ^mup  in  sonposid  «C  thifl*  bids  in  IWnMb  ■^■j^ww't,  «f  two 


No  liTiog  lelatiTe  of  this  species  could  be  found  among  the  fauna  of  the  Indian 
0«eu,  and  It  repteeenta  as  eitinet  typ^  whiob  pnbabty  bad  ita  neaieit  feb* 
tiT6i  in  tbe  Indian  Soeene. 


TraBOBLLA  LiinnaiTBAU,  qieo.  nor.,  PL  XTIII,  figa.  10^  lOo. 

MaumninnB, 

BWgU  tBmm. 
mMi       .      10  . 

Apits)  angle  .  12" 

Tho  shell  is  very  elongate,  turreted  in  shape  haring  a  small  apioal  angle  Onlj, 
It  13  composed  of  not  less  than  20  flat  whorls  growing  slowly  in  height. 

Tbe  embrjranio  wborh  an  net  obaerfed,  but  it  aj^ean  that  ibey  were  flUed  out 

by  secreted  matrix. 

The  spire  whorls,  of  which  tbaie  are  not  leas  than  twenty,  have  flat  almost 
plane  aides  and  are  separated  by  an  indiaBnet  ratarob  The  ornamentation  consists 
of  ftve  smooth  revolnng  keels  which  are  separated  by  broad  intamtieea;  Nik  I  keel 
ia  tbickor  t  han  the  othenb  Md  tbe  intantioea  ate  filled  oat  by  a  number  of  reiy  fine 
filiform  lines. 

Body  -wborl  not  known,  but  appacantly  mnoib  tbe aanu  aa  tbe  ttgin  wboda; 

baae  prnbahiy  flat. 

Oeologioal  occurrence. — 


limarkt.-'AX  the  fixst  glanoe  this  species  might  be  mistaken  for  Turritella 
affin^ormSt,  bat  on  closer  einaiittatKon  it  will  be  aeea  tbat  it  can  be  distinguished  by 
a  much  more  elongate  abelli  that  is  to  say,  a  shell  having  a  smaller  apical  angle,  but 
partioularly  by  the  ornamentation  of  the  whorls  which  conaista  ol  five  nmnded  keela 


keeU  in  Turrilelia  ajfi>ti$. 


Zone  of  Tarallelipipedum  prototortuotum,  Kama. 
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ngvhrly  dtetributad  all  over  the  surface  and  i^itnted  bj  bnwd  intontiiow  and  not 
arranged  in  groups  as  in  TurriteUa  afftniformis. 

No  living  rolatire  ot  thia  Bpecies  could  be  fouad  which  unquestionably 
rapnaenti  a  type  extinet  amoDg  the  fawu  o(  ilM  Indna  Oeeui,  though  It  appoui 
aa  if  TmrUtOa  d&raif^  Daa^  fiom  the  Faiia  Ioobm  ia  a  naar  ttiai&n. 


2.  Family  :  FERUMlDJt,  Adamion. 
G«Biias  VBBIIBTU8,  Adamann. 

VeKMSTVS  JAVAsrs,  K.  Martin,  Fl.  XVI II,  figs.  1(5,  a-b,  17,  a-b,  18, 18a,  19,19«. 

lS7it-50.    Vermrt»M Jaaan'i,  K.  llirviu,  T*itii,r.  sa(  J»t»,  p.  77,  pi.  XIV.  fig.  13. 

The  shell  is  extremclj  irregular  ia  shapo  and  consists  of  a  tube  measuriag  4  to 
6  nun.  ia  dianaateri  whiab  growa  in  tbe  moat  irragtUar  waf .  It  i^pean^  homrer, 
fbatln  tba  aarlier  part  of  its  life  t!ie  aaimal  formed  a  sort  of  an  irreg;ui;ir  Fpiral  and 
atretohed  afterwards  in  one  direction  oalj.  The  surface  is  covered  witti  rather 
regular  granulosa  keels,  or  towa  <»(  kalatad  gEannlmtionB  cztandiad  in  the  direction 
«t  the  azia  oC  tha  shelL 

Geological  occurrence. — 

Zone  of  Parallelipipedim  protoiortuoiim,  Kaoia, 

Zone  of  Aricia  humerota,  Thayetmyo. 

Zone  of  (Jftiiena  Myejae,  Fionie. 
fiflnonttt— The  peonliar  ornamentation  consisting  in  gr&nulatod  keels  or  rowa 
of  sbarp  round  granulations  stretched  in  the  longitudinal  axis  of  the  shell  are, 
according  to  Martin,  the  chief  character  of  F«rm£^u«y a  ca»u«.  As  the  specimens 
nadar  examiaatkm  exhibit  tha  aama  obaraotar,  it  eannot  be  donbtf  nl  that  they  are 
identical  with  Martin's  spocins,  particularly  as  tliey  cxliibit  the  Ramc  feature  as 
Vermetut  jawnut,  namely,  an  irregular  spiral  at  the  beginning  and  a  stretched 
though  Tariously  cunred  tube. 

Iteeema  tone  ttat  Vermetu*  java»tu  exhibits  the  greatest  aimihrHj  to 
SUiqinirii  muUislriata,  Bci.,  and  Siliquaria  $triata.  Dee,,*  from  the  ^lia  Booene* 
a  feature  which  was  probably  QTerlooke,d  by  K.  Martin. 


Genw:  BUIQUAAIA,  Bn^tea. 

Tvo  aperaea  wUeh  probaUy  belong  to  thia  genus  have  come  nader  examin* 

stion,  but  liofh  are  to  poorly  preserved  that,  though  it  is  quite  certain  that  they 
represent  dttferent  sp4>oi(f,  u  ii  impoaaible  to  form  aioy  view  aa  to  theiz  relation- 
ship. 

»  lott  ^lllll  IIIBI  to—  HlBllwl 
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SzuQVAUA,  ipee.  1,  PL  IVIII,  figa.  90, 20*. 

The  hpcix^icnea  msntloiMd  in  my  pfcrkw  nMmair  hu  mniiaed  tingle,  and  I  out 
add  Botluiig  to  the  remarks  then  made.   It  oonaists  of  about  fire  free  irhorb  rdllMi 

up  in  an  irregulnr  spirnl,  the  wlioils  gradually  inoreasing  in  height  and  in  thickness 
The  aurfaoe  was  covered  with  numerous  sharp,  somewhat  irregultrlongitudiQ&l  hb«, 
ajffmmg  mora  like  closely  let  imgolar  lamella. 

Qeological  occurrence. — 

Zone  of  Paracyathut  caeruleus,  Yenangrat. 
Jtemarki. — I  previously  remarked  tliat  this  species  exhihits  some  simUarity  with 

BilflBrant  bom  the  previous  epeoias  tboogli  too  ffl-pmemd  to  be  doMnftflcl 

under  a  specific  name,  is  another  spt-cies  wliicli  seems  to  be  characterised  by  a  tobo 
of  elliptical  section  bearing  a  sharp  keel  or  Iksuro  (r)  at  one  side.  The  earlier  part 
of  tite  tube  Memt  to  form  nther  a  regular  spiral,  but  aftoniaidt  U  itretdbee  la  a 
ibaight  direotaon. 

Qeological  occurrence.— 

Zone  of  Itj/tiltu  nicobarictu,  Singu. 

Jbmarlv.— The  diffarakt  metioD,  bat  portfamhrljfheiharplml  wbloh  prob- 
ably oorresponds  to  a  fissure  on  one  side,  prorcs  thattbis  mutt  be  a  different speciee 
from  Vermetm  javantis,  in  which  I  never  obserTed  a  similaf  flMacaii  aodtho  latter 
character  dLstinguishea  it  also  from  SiliquariOt  spec.  1. 

Family:  XKHOPIIORID.E,  Deahayes. 
Geoos :  XENOFHORA,  Fischer  de  Waldheim. 
XaiioiaoBA  sonuimu,  apee.  nor^  CL  ZY IH*  figt.  21,  SI*. 

Af!!A«r»«irE!ITB. 
Haifltt      .   18  mm.  (inoonplvt*). 

Apioal  iDgl*    8S°  (not  quit*  ecrtaio). 

QBly  a  single  spooiea,  which  is  damaged  at  the  apex,  has  como  tmder  examination. 

The  ahdl  ti  of  medium  size,  highly  coideal  and  oooaiata  ol  irregular  inflated 
vhnla  iriiidi  rather  quickly  increase  in  lH%ht.   Embiyonio  whorl  not  obierveiL 

There  are  about  three  apiro  whorls  preserved  which  are  separated  by  a  deep  suture. 
The  whorls  are  angular,  the  surface  inflated,  but  very  uneven  on  account  of  the 
BiimenmiCoraignbodieathathaTBbaaiiaggI«tinatadtothedieU.  Itappean  timl 
llMReiraMtwozawao(aggliitiiiatedmariiMdAri%fiineinthooantw  of  tha  vppar 
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sarfaee  aE  flie  whrab  and  ana  along  thab  amliifaii.  Whoa  not  wfeni  by  foreign 
aoatter,  the  surface  of  tho  whorls  exhibited  a  laminoua  appemnflOi 

Body  whorl  exactly  like  the  spire  whoxls. 

Base  and  aperture  not  obaerred. 

Zone  of  JrMa  hmmetoaa,  Thayetmyo. 

Se^narkt. — It  is  unqaeBtionable  that  this  species  belonsjs  to  the  ^enus  JEuu^ 
phora,  and  not  perhaps  to  Oiiu»tu$t  as  there  are  no  spioos  along  the  ambitus. 

Ham  d'  Axobiao  and  Haime  daaerfbed  nndar  tiM  naoM  of  IVoeikM  oummtam, 
Al.  Brog.  Tar.,  a  species  which  unqaestionably  belongs  to  the  genus  Xewphora, 
and  to  judge  from  the  general  shape  it  may  perhaps  be  identical  with  the  Burma 
species,  though  Messrs.  d-'Archiac  and  Haime  seemed  to  hare  doubts  whether  the 
•peoifla  daaolbad  bj  ihem  was  veally  idantieal  with  BNgaiart'a  Tro^ku  amuimu* 
As,  howevt^r,  the  specimea  from  Western  India  appears  to  be  a  oaalk  it  IRNdd  be 
Veiy  dii&cult  to  ascertain  its  identity  with  JCenophora  birmaniea. 

Under  the  name  of  X«aophora  agglutiiMHs,  K.  Martin,'  described  a  species  from 
Java  whkh,  to  Judge  from  Ibis  flgwa,  is  Tery  likoly  UoaUrnl  witb  XrnopJItfiw  Mma- 
nica,  but  as  ^frirtin  c^iv^e?  no  further  description  but  only  states  that  the  speoimons 
examined  by  him  are  identical  with  Xeaophora  aggliUiuans,  Lamk.,  I  am  unable  to 
mj  wbetbef  my  view  is  correct  or  not 

Boettger  *  describes  under  the  name  of  Xt'iiophora  $ubconica  a  oast  from  the 
Miocene  of  Sumatra  wliich  miu;ht  perhaps  be  identical  with  this  specio'i,  but  being 
a  cast  only»  it  will  be  dlQIcult  to  say  what  were  the  characters  of  the  surface. 

The  diatinetioii  of  tbe  diSersot  ipeeiea  eompoong  the  genu  2[eHophora  aeems  to 
be  based  on  rather  ragne  lines,  as  nobody  seems  to  bare  ascertained  which  features 
would- form  distinctive  specific  characters.  This  drawback  is  particularly  fflt  in  fossil 
specimeDS,  which  generally  exhibit  very  indifferent  features.  It  certainly  appears 
lliat,  aa  bas  abeadj  been  notioed  by  Beeve,*  tiie  moda  of  a^lutinatkm  of  naiHie 
ddbris  Taries  in  the  different  spedes,  and  tUi  ftetave  might  periiapt  be  niefal  in  the 
determinatioa  of  the  fossil  apeoies. 

Family:  CJPUIID^,  CuTior. 
Gemia:  OALTPTBiBA,  LanuurelE. 
Oaitfib^  Biraoia,  Noetling,  PL  ZVIII,  figa.  2i(  0-4, 2^ 

im.  Cotgfirm  nypw,  llMtliiVt  UuiDe  Fom.  TTpper  Bonni,  MiB.  Oatk^  tmtf  si  taik,  UU,  Tok 
ZZTII,  p.  23,  pi.  V,  tigs.  6.  U,  7. 

Mcjisinamons. 
BtifM.     .  Man. 
^mth  .     .  m  „ 

Apiaal  uglii  .  118* 

The  thin  shell  is  of  moderate  size,  somewhat  irregular  and  depressed,  conical 
in  shape.   The  shape  changes  considerably  during  the  different  stages,  and  with  it 

'  Tntiir.  3m,  p.  71,  {L  XIl^  ig,  t. 

*  iMiii  SuHtn,  fL  TUI,  If .  lA 

•  liiMVHb  «i  tlM|M«  PiMWk  IMS. 

to 
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the  size  of  the  apioil  an£»lc,  tho  young  specimens  are  regularly  conical  in  shape  and 
the  apical  angle  measures  90  ;  fully  grown  specimens  become  more  depressed,  and 
tbe  apioal  tt^e  larger. 

The  nutub'^r  of  whorls  cannot  bi^  fixf-d  nrcmratolf  beowm  th*  tataia  fa  vaff 
indutinct,  but  thoro  may  have  been  five  altogether. 

The  embryonic  whorU  are  very  sharply  developed;  they  forma  amall,  VoUei— 
like  jwiioeoawh  oompoHd  cf  tiro  ainoofeh  whinli,  and  th^  an  wall  wpaiatad  from 
tiM  other  whorls  wliich  have  become  almost  entirely  amal^nmated. 

The  spire  whorls  very  suddenly  increase  in  height  and  tbe  body  whorl  which 
oooupiea  almost  half  of  tbe  total  height,  is  broadly  expanded,  bat  aUghtly  oonoave 
om  ita  nppar  part»  harin^  its  edips  MDietiiiiai  sharply  turned  downwards.  Tbe 
surface  is  covered  witli  spiral  lines,  which  are  rather  regular  imd  fino  on  the  spire 
whorls,  but  become  coarse  and  irregular  wriakles  on  the  body  whorl.  More  con' 
spfonons  Is  (he  longiiaifaial  omsmeniation,  oonsiating  of  fioe,  but  irregular,  short 
wrinkles  which  STB  Tery  closely  set  covering  the  whole  snrfsoe ;  on  the  spin  whorls 
these  wriukles  run  perpendicular  to  the  spiral  strijp,  hut  this  recnilarif  y  soon  disappears, 
and  on  the  body  wuorl  they  appear  to  radiate  from  the  apex.  Lower  surfaoe  not 
ohsemd. 

0«9tcgieal  oeeurrenee. — 

Zone  of  31ytilnii  tiiroharirug,  Siniju.  ' 
Zone  of  Faraeyathu$  caeruietUt  Yeoangyat. 
Zone  of  CoflMtfarto  NMrfMeatf,  Miahn. 
Zone  of  Area  theobaldi,  Kama. 
Zone  of  Pholnn  orientallt,  Thayetmyo. 
Zone  of  Aricta  humeroaa,  Tbayetmyoi 
ItMMrftt.— The  speeimen  deaoribed  in  my  previoos  neafcoir  appears  now  to  be 
a  juvenile  one,  because  I  have  since  examined  specimens  from  Kama,  which  show  a 
perfectly  different  shape  of  the  shell  when  in  the  ephebic  stasro. 

Beeve  distinguishes  a  number  of  living  species  the  distinctive  features  of 
whioh  are  eometimes  w  ndmit^  that  it  will  he  almoet  impossible  to  use  them  for 
palteontological  purposes.  Calyptraa  rugo»a  belongs  to  that  group  of  species  of 
which  wo  may  consider  Calyptrcea  eioatricoKh  Reeve,  to  he  the  typo.  Hie 
group  includes  rather  flat  shelLj,  having  a  peculiarly  crumbled  surface  which  is 
ooirered  all  over  If  miniite  fine  ladiatlng  stite. 

Cnh/pfr,ra  rujosa  seems  closely  related  to  Colyptrtfa  dormiforia,  Beev^  htm 
the  Philippine  Islands,  though  without  comparison  it  5s  impossihhi  to  say  whether 
my  yiew  is  correct  or  not,-  Reeve's  figure  and  description  being  equally  defective. 

Tlamily:  SATICtJtX,  Forbee. 

Genus:  NATICA,  Adamson. 

This  genus  is  only  represented  by  four  speoies  which  can  be  easily  distinguished 
in  the  following  way : — 

At  flfin  d«pr«wed.  t 
L  ilTcfiM  «i/<Mf,  RswerVy. 
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Bi  S|>ire  elevated. 

(«)  WborU  smooth . 

[aa]  Dinl>ilico«  aarrow. 

t.  Nafiea  olitcmnt,  flonwlf . 
(M)  Umbilieni  wide. 

S.  Jfaliea  graeilior,  tpec  nor. 
(t)  WhorU  eostatod. 

4.  Na'ica,  a[>ec, 

Cooaidering  the  inditTeront  features  the  speoies  of  A'atica  exhibit*  it  seems  almost 
fkittte  to  attompt  any  comparisoo  with  Utinj;  species,  and  eren  a  oompariKm  with 
lossil  ones  must  remain  very  doubtful  if  figure  and  description  only  can  be 
studied.  Nevertheless  it  seems  eortain  that  two  of  the  specios  here  describfid,  viz., 
Ifotiea  etUloiat  Sow.,  and  Matiea  obicura^  Sow.,  are  identical  with  species  occurriag 
in  Wflsteni  In^  and  m  Nt^eu  oMatior  ii  probablj  identiiaal  with  Niriiea  eatloMt 
the  first  named  gpeoiei  woold  ZMQge  from  WMtorn  India  to  Jan.  I  have  not  been 
able  to  discover  any  living  relative,  or  to  expres?  myself  more  correctly.  I  found  only 
too  many  species  which  resemble  so  closely  to  Nalica  cailoaa  that  I  found  it 
inpoaaible  to  dboem  wiiidbinay  be  tiw  neanit  vdatiTe. 

Kalka  obsoura  is,  on  the  other  band,  closely  related  to  Natiea  lineaia  from  the 
Indian  Ocean,  while  no  lelationabip  oonid  be  tiaoed  for  Natica  graeilior  or  A'atieot 
speo. 

NATioa.  cAi^LoeA,  J.  de  Onto  Sowerby.  PL  ZTUI,  figa.  2i,  a-b,  25a;  PL  UX, 

IMft  IMm  tattm,  J.  de  CmU  Bowwtf ,  tiiwsrt.  Owihs.  BWb  rf  Umi«m,  Ui      Val.  T,  |l.  IXYI. 

zzni,  V.  ML  |i.  T,  a. 

MK\sr-:p.MK.VT^. 

Htight.      .  Uoik 
WiM  .      .  M  • 

Apicsl  uncle  .  VKT 

The  shell  is  of  moderate  size,  almost  globular  in  shapes  somewhat  oblique  and 
eomposed  of  about  fiva  whods,  forming  a  rery  low  spin  tad  large  bodj  whorl. 
Embiyottlo  whods  not  obserred. 

The  spire  whorls,  which  are  about  four  in  number,  are  separated  by  a  sharp 
well-defined  suture,  their  surface  is  flat  and  they  increase  at  first  slowly,  but  hiter 
on  rapidly  in  height,  forming  a  spire  wbidi  ooeupv*  not  more  than  ooe^ghth  of 
the  total  height,  while  the  vanftriooee  bodj  whorl  ii  oC  graat  use,  atmoet  oooapjuif 
the  •whole  height. 

There  is  no  other  ornamentation,  except  numerous  very  tine  and  densely 
erawded  bn^tiidiDal  ttrin. 

Tiie  aperture  is  large,  elongated;  the  outer  lip  sharp,  the  inner  Up  oaUons, 
oovering  partly  the  deep  umhiliona. 

S  0% 
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0tOlogicat  ocourreneg.^ 

Zone  of  Oancellaria  martiniana,  Minbn. 

Zone  of  Paracyathus  caeruleua,  Yenangy aL 

Zone  of  Area  thMbatUt  Kama. 

Zone  ol  Farallelipipedum  prototoriuotmmt  KuBfti 

Zone  of  Jricia  humerota,  Thayctmyo. 

Zone  of  Cylherea  erycina,  Prome. 
jBamarftt.-— Tbb  gpeoiei  b  etdly  disUngaished  by  iti  eitmnd^  low  qpln 
and  its  oomparativiely  eDonQoaii  TsntriooM  bo^  vhod  wbidt  aeow  to  oompow 
the  whole  shell. 

There  seems  to  me  no  doubt  that  this  speoiee  ia  identical  with  Sowerby's  Hotiea 
«0llOM  whioh  isdiatfaiguialied  by  tiie  aame  ohanotoB.  • 

Martin  describes  a  Natica  cillotior  from  Java  which  seems  to  be  related  to 
tliis  species  if  it  is  not  idcntioal.  yatiea  caZ/owor  exhibits  Wip  same  low  spire  and  the 
aamo  large  and  Tontrioose  body  whorl,  the  only  difference  I  can  discover  is  formed 
1^  «tt  vpsu&oQj  differantly  ibaped  innsr  Up ;  in  NtiUea  MUon'or  it  it  Tnj  biwd, 
in  Natiea  eatloia  nHhm  narrow,  bui  whether  this  is  reallj  a  tpaeifie  diffmaoe  «ir 
not,  I  am  wuible  to  tay  without  compaiiag  the  two  speciM. 


Vatooa  obmivba,  J.  de  OmIo  Sowerby,  PL  XIX,  flgi.  S,       8^  a> A 

IMO.  SMta  •>••«#■,  J-  if  Cwl«  SovtrKj,  TruMot.  Ocol  g.  <m  ,  London,  2Ddi«riw,  Vol.  V,  pi.  ZXTllf.  % 
]>W>       •  NMlftiig^  MioMM  r»m.  Vppw  Banna,  Nok  OmI<c.  Banf  it  Uea,  XtH, 

v«L  xtm,  f.n,^^,tn.*,Ms,tk 
Uuummmna. 

Heiirkt  .  M  nt. 
Width  .  lit  , 

AvMm^  .i«r. 

The  shell  is  subglobular  in  shape  of  moderate  size,  and  oonpoaed  Of  iis 
wliorls  forming  a  sliglitly  raised  spire  and  a  laigobody  whorL 
Embryonic  whorls  not  observed. 

The  apifB  wUbb,  ibongfa  low,  ia  well  ndied  abof«  the  body  wbori,  la  oompoaad 

of  four  slightly  inflated  whorls  which  are  separated  by  a  deep  suture  and  rapidly 
increase  in  height;  the  body  whorl  is  lar^e,  ventrioose,  slightly  concave  at  its  pos- 
terior part  along  the  suture.  The  whorls  are  simooth  except  for  numerous,  fine, 
lOBi^tndinal  ati^  «f  gfowth.  The  apertUM  ia  lnnet»  elongated  but  broad;  ttt 
ovtar  lip  abaipb  dio  inoar  Bp  caUooa,  ptttly  eomiiiig  the  deep  umbOioaa, 
Qulogical  occurrence. — 

Zone  of  MjfiUut  nicobariouit  Singu. 

Zone  of  OtmadUvrta  MorMafoaa,  Ulnlm, 

Zona  of  ParaMgroCAat  eMnilMi*,  Yenangyat. 

Zono  of  Area  theobaldi,  Kama. 

Zone  of  FaralUlipipedum  ]^rototortuotum,KaaUi, 
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Zone  of  PJMm  «H«iiitm»,  Tli»j«tmj«, 

Zmta  of  Ariciit  humeroia,  Tliayetmyo. 
Zone  of  Cytherea  erycin  t,  Prome. 

Bemark$. — Though  of  great  similarity  to  Naiica  callota^  tliis  species  U  readily 
diktingniahed  by  the  more  elevated  spire,  oonsistin^of  romided  whorls;  the  imtio 
betlPeea  spire  and  body  wliorl  appears  therefore  less  disproportionate  than  ia  Naliea 
ealloni.  The  slight  tlattonin^; of  the  body  whorl  alojDM  the  Rttture  in  aBother  distill* 
guishiog  feature  of  J\iatiea  obieura. 

There  eea  be  no  donbt  tint  the  epeotmeiM  from  Barma  aw  identieal  with 
Bowerby's  Naliea  obtoura ;  the  dightly  raised  spire,  the  flattening  of  the  body  whorl 
along  the  suture  are  features  whioli  ar^  well  expressed  in  Sowcrhy's  figure.  Nntioa 
rtutolina,  Jenkioy,  is  appareutt^'  a  close  relative  to  A'atica  obtcura,  Sow.,  if  it  is  not 
identieal  altogether,  and  it  aeeina  stvange  that  neithtt  Jeoklu  nor  Martfai  ahoold 
haTO  Dotioed  this  similarity. 

Any  comparison  with  living  species,  the  spectfio  difference  of  which  depends 
•0  much  on  the  ooloor,  seems  rather  risky,  but  I  think  that  Natica  lineala,  living 
in  the  Indian  Ooeaa,  is  the  eloeeat  relatire :  this  apeoies  exhibits  the  flame  ^pe, 
the  elevat<;d  spire,  and  whorls  slightly  flattened  near  the  suture  ;  tliore  is  further 
the  same  large  umbilicus  with  the  strong  umbilical  callosity ;  taking  everything 
into  oonsideration  it  ia  quite  probable  that  ilTalltfe  oallo4a  is  the  direct  ancestor  of 
iVaMw  IfcMte,  bnt  it  wUl  perhaps  be  better  to  nfnin  iiom  adefiidtaoputo 
ooaaideKing  flierailier  indifferent  faatnres  the  loosil  speeieaezhiUtB. 

NASioa.  GiAOiUDB,  apoa  nor.,  PL  XIZ,  4^ 
BaW*      ■  ••«• 

width  .9  m 

Apiokl  ugla       «  Kot  BMuarad. 

The  delicate  flhdl  is  of  very  !>mn11  size,  rather  c^bosB  and  oonpoaed  of  a 
alightly  elevated  ^ire  and  a  large  body  whorl. 
Embryonio  whorU  not  obserred. 

Theapreiaoompofledof  ahont  tliree,  almost  fiatwhoila  vbiohiniseasc  very  slowly 
in  height,  and  are  separated  by  such  a  deep  suture  that  it  appears  as  if  the  whorls 
were  hardly  touching  each  other.  There  is  no  ornamentation  except  numerous 
fljiostrinof  growth. 

The  body  v ii  u  l  Ls  rather  high  and  oooaj^  more  than  half  of  the  total  height; 
its  surface  is  slightly  flattened  and  the  onamentatimi  oonsiits  of  fine  strin  of 
growth  only. 

The  apertnre  is  rather  larger  elongated  bnt  not  ngj  broad;  outer  and  imiav 
lip  sharp ;  umbillous  Urge^  widsb  no  nmblllnal  callo^. 

Geological  occurrence. — 

Zoue  of  t arallelij^ijpedum prototorltiMitm,  Kama. 
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jBtffworifc*.— The  elevated  spire,  together  with  the  wide  umbilicus  without  any 
callosity  and  whorls  which  hardly  seem  to  touoh.  eaofa  other,  readily  distinguisli  thia 
ipecies  from  all  the  others  here  described. 

VAxmk,  8pe&,  PL  XIX,  flgi.  5»  0a. 

Only  a  single  ill^pMaerred  agpeoimen'of  a  Natioa  baa  oome  under  examination, 
-  wbioih  proTw  by  tiw  obaiMtor  of  its  sarfaoe  tbat  it  eaanot  beUnig  to  any  of  the 

other  apaeieB  here  dcscrihed. 

The  shell  was  apparently  of  small  size  only,  about  the  size  of  Natica  obicuraf 
and  globular  in  shape ;  the  spina  it  Tery  low,  depressed,  consisting  of  a  fev  whoria 
only;  the  laafe  whmi  lacgo  and  gkboaa;  the  surroce  ia  not  smooth  but  covered  with 
plicoaeatBHB  of  gtowth«  wmetinies  — mrning  the  ahape  of  iBNgnlar  longitudinal 
ribs. 

Aperture  and  amhllioaB  not  oibeerved. 

Otological  occurrence. — 

Zone  of  jiroa  theobaldi,  Kama. 
Bemarit. — I  have  refrained  from  distinguishing  this  species  by  a  special  name 
beeauae  of  its  badly  prewrred  atate  whioh  does  not  alloir  to  fix  idl  the  ehanotera 

with  accuracy.  There  is,  however,  no  doubt  that  tho  species  under  examination  differs 
from  all  the  oIIkts  by  its  coarsely  wrinkled  surfaoe,  whioh  is  not  perhaps  the 
result  of  weathering  but  is  unquestionably  originaL 

Genns:  SIOABBTITS,  Laanidt. 

SlGAKBTDS  NERITOIDErS,  Linn6,  PI.  XIX,  figs.  6,  o-J,  7,7a. 

18M.  Sigartliu  bieoilatiu,  Kottliag,  Hioooiu)  Fcm.  Up|i«r  BnriM,  Mem-  Q«okig.  Samjr  of  India,  ISdS, 
?d.  XZVU,  p. ».  |L    C|i.  S^  ftk 

MatfOBiimTs. 
Hilgkl  ft     •  ISbb- 

WIM    .        .19  n 

Apical  angle   .  110* 

The  ratber  thick  shell  which  attiiins  a  fairly  lartjc  size  is  obliquely  oral  in 
shape,  ratber  compressed ;  the  spire  is  very  small,  the  body  whorl  very  large. 
Embryonio  whorls  not  observed. 

There  are  four,  slightly  inflated  spire  whorls,  very  slowly  increasing  in  Ti^^glitg 
■epaiated  by  a  sharp  suture,  which  form  a  very  low  hardly  projeuting  spire. 

Ibe  vhorla  increase  very  rapidly  in  height,  merging  into  the  very  large  and 
atrongly  bifliftBil  bofy  wborl.  The  ornamentation  ia  the  aame  <m  spire  and  body 
whorls,  and  consista  of  numerous  regular,  very  fine,  rounded  revolving  keels  whieh 
aie  separated  by  interstices  of  about  the  same  breadth.  On  the  body  whi  rl  finer 
keels  appear  in  the  intenrtieei  and  the  ornamentation  loses  somewhat  its  previous 
regularity.  A  fair  eoaiae  aim  ef  groirth  viiiblei. 
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The  aperture  is  la^  and  wide,  piriform  in  ahape,  pointed  pontariorly  and 
broadly  rounded  aDteriorlj ;  the  outer  lip  is  thick,  the  tniiec  lip  caikras,  oorering 
the  sUt-lilce  umbilieuB. 

Geologiedt  oceufi^emet. — 

Zone  of  Mytilut  nieoharieut,  Singa. 

Zooe  of  Paracyathut  eaernteua,  Yenangyat. 

Zone  of  Fttralleiipifedum  prototortuotum,  Kama.  ' 

Zone  of  Ogiker$a  tryHM,  Frame. 
Semarkt. — "When  I  first  described  this  species  I  had  unfortnnately  nothing  but 
an  apparently  juTenile  specimen  for  examination.  Having  now  examined  full 
grown  speeimens  I  hare  oonTinaed  myMlf  that  they  must  he  identified  with  the 
living  Xffmr*tm§  merHoideHt,  lAa.,  from  the  Indbn  Oenn.  The  ibape^  in  partieolar 
that  of  the  Inst  whorl  nnd  the  ornamoTitatinn  of  the  surface  are  exactly  the  same  in 
hoth  the  Uriug  and  the  fossil  species,  only  that  the  former  seems  to  have  attained 
a  large  nw. 

The  apeoimflna  from  Kama  are  not  well  preserved,  as  they  are  all  mom  or  lem 

treatbered  and  very  friable;  but  notwithgtandint?  this  drawback,  the  specifin 
characters  oould  be  ascertained  to  such  a  degree  that  there  oan  be  no  doubt 
M  to  the  determination. 

Fanilj :  LmOMSlIiA  Gny. 
Genus ;  FOfiSABlTS,  PhilippL 

FI(M8ABU8  KIU.UBBI,  spcc.  nov,,  PI.  XIX,  fig.  8,  a-e. 

MiAsuKuiRim. 

Height      .  S  3  mm. 

Width       .  9  0  „ 

The  small  shell  is  strongly  tumid,  having  a  very  low  and  depfesaed  spiva  and 
very  large  body  whorl. 

The  ocmiabnlate  apira  is  apparently  oompoaed  of  three  very  low  whorls  whieh 

very  slowly  inoreese  in  hei^'ht ;  the  strongly  inflntod  body  whorl  expands  very 
suddenly  and  almost  envelopes  tho  whole  of  the  spire;  its  posterior  part  is 
flattened,  even  somewhat  concave  and  separated  by  a  sharp  keel  from  the  anterior 
port ;  the  latter  and  the  hase  OMspIetely  pass  into  eadi  other  and  are  set  with  Ato 

strong,  smooth,  spiral  k-rels  ;  these  keols  are  sfpnrnted  from  fhn  margioal  keel  by  a 
very  broad  concave  interstice,  in  which  a  fine  spiral  keel  is  perceptible.  Amongst 
themselTes  they  are  soparated  by  Inteatieei  giadaallf  daoreaaiiig  in  widtii  towamU 
the  nmbOions. 

The  umbilicus  is  small,  slit-like. 

The  aperture  is  oral  and  rather  large  and  funnel  shaped ;  the  outer  lip  sharps 
eKpinded  and  dightly  sulcate ;  the  iniMir  Up  la  sharp  and  eapanded. 
OwttgiOti  occurrence. — 

Zone  of  Area  tkeobtUdi,K»mn, 
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Bmarkt.—OiiLj  a  single  apeoies  has  oome  uader  ezaminatioQ,  bat  haiiw 
flSoeediOKly  well  praaerred  ito  ohttMton  eould  be  defiaitely  fixed. 

The  generic  position  seemed  lomewhat  dodbtrol  ttl  fint,  inaamni^  M  til* 

shell  seemed  to  exhibit  features,  accordinf?  to  wliich  it  belonged  to  the  genu* 
J>dphmulo,  hut  the  ornamentation,  the  character  of  the  aperture  in  oonnec- 

with  the  oontobahta  apire  proved  imqueationably  that  it  belonged  to  the 
genus  Fassartu,  FhiL  The  eixtremoly  low  spin^  and  ill  «Miin|nif|||flin  tha  eoonnoiui 
body  whorl  distinguish  it  from  all  other  species. 

No  similar  species  are  so  far  known  from  either  Java,  Sumatm  Or  Western 
Iiidia,iuirfloatdldieoorar  toy  fiving  relative  among  the  fkana  tt  the  Indian 
Ocejin,  and  Fossarm  krautei  unquestionably  represents  an  extimifc  type.  On 
the  other  hand  this  species  has  a  very  close  relatire  in  yenla  petUattoma,  ■Pesli  ,  from 
the  Eocene  of  Paris;  the  general  sliape  of  the  shell,  which  is  diatinguished  by  the 
low  apise  and  thAenannoiM  last  whorl,  it  the  imimii  a«  wdl  ts  the  osnanuntetion  of 
the  latt«r  consisting  of  sharp  revolving  ribs;  the  differences  are, however, at  onoe 
obvious ;  there  are  more  of  thera  iu  the  Eocene  species,  particularly  on  the  tipper 
part  of  the  last  whorl,  between  the  spire  and  the  ambitus,  wheie  there  are  four  ribs 

in  th«  Boouie  speeiea,  while  it  ia  free  of  thmiatlie  apeeiea  from  Hnni^  There 

is  further  a  longitudinal  striation,  partfeolarly  in  the  ioterstioea  of  whidi  no  tMoo 
can  be  found  in  the  Miocene  species.  The  most  important  difference  seems,  how- 
ever, the  donlaonlated  iooer  lip,  while  in  the  Miocene  species  it  is  perfectly  smooth. 

Whether  generio  position  of  NerUa  pentattcma  which  Coaaman  ^migidfln  m 
identical  with  JKirjfoMMr<M(«,Lmk.,*  ^ 


I— I.  8IPHON08TOMATA. 
Eamilj  :  SS&OM&IUM.  Adams. 

Genua :  BIHELLA,  Agaaris. 

BiMkUA  caiSPATA,  Soweilij,  spec.,  PL  XIX,  figs.  9,  a-d^  10, 10a. 
Uai.  MmUOmrki  eritpata,imn,  lto<pigh<i  ttiaiBM.BMfalb»to,|iL  111.  Ig^fc 

MiunsmiTi. 

H*l|lit  .  U-e  m. 

Wiilili    .       .  4r4  . 
AplMlH^     .  «r 

The  fusiform  shell  is  of  jerj  small  aiao  and  oonaiata  of  abont  nx  whorl* 
forming  an  elongated  spire. 

Smbrjnmio  whorls  not  oboervad. 

The  apiie  whoda,  probably  not  kaa  than  Ave  in  snmber,  aio  ineated  and 

st'parated  by  a  deep  suture  ;  as  they  increase  only  slowlv  in  height,  the  spire 
occupies  about  half  of  the  total  height.   The  ornaruentatioa  oousiata  of  IS  to  20 

'  CkUL  Bju.  du  ?««.  Km.  da  f  mrk,  VoL  Ui.  f.  87. 
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•havply  niMd  hwgiiiiiiiMl  ribt  mputAieA  hf  Inoadar  oonoaTe  intentieM^  wU«h  tan 

OSrered  with  numerous  fine,  but  sharply  engraved,  rquidistjint  revolving  lines  w  hich 
do  not  extend  to  the  top  of  the  ribs.  The  body  whorl  i«  rather  large,  inflated  and 
pndneed  into  a  diort  ooUnmBlla ;  the  omamentoliaii  is  tiie  mne  m  ttftt  of 
tte  spire  whock;  tU  or  mtmi  ibwply  engraTod  ipinl  Ubm  ub  Tiribleon  tiio 
oolumella. 

Tlie  aperture  is  large,  elongate,  sooevliat  oblique  and  produced  into  a  long 
poaterior  ounl  extendini;  npmudi  of  tbo  penoltimMte  whorl,  where  it  ii  itrooifly  hant 
bookwaids ;  the  anterior  oanal  is  very  short ;  the  outer  lip  tbick,  slightly  bent  back* 
wards  and  internally  cancellated.  The  inner  lip  it  aharp^  railed*  oovetiog  with  ita 
anterior  end  the  slit-like  umhilious. 
0$9logM  flowwnwe^— 

2one  of  Area  theobaUU,  Kama. 
Bemarkt. — Messrs.  d'Archiao  and  Ilaime  have  described  from  Wost^'rn  India 
quite  a  number  of  species  belonging  to  this  genus,  many  of  which  are,  however, 
foonded  on  nthor  fragnwBtaiy  •pedmena.  An  identifieation  f ram  the  llgim  and 
dosoription  only  is  under  these  ciroumstaaoee  almosit  out  of  question.  The  only  species 
with  which  Jtimella  eritpata  oould  be  comparod  is  Bo$lellaria  rimota.  Sow.  ?  rar. 
That  the  authors  were  extremely  doubtful  as  to  their  determiaation  is  not  only 
iadieated  by  a  quay,  Imt  bk  additkn  to  that,  bj  tlie  wori  **  var.,**  in  oOier  woidi, 
they  consider  the  specimen  as  a  doubtful  rariety  of  Sottellnr'a  rimosa,  Sow.  Tlmt 
the  specific  determination  of  a  fragment  being  composed  of  barely  two  volutions 
must  remain  doubtfal,  laqnini  no  explanation,  particularly  when  the  said  frag* 
maBt  i»  idontidfld  with  a  type  wpaaaantid  hj  an  eqoaUy  badly  pwaendi  speoimen. 

Under  these  circumstanoes  I  refrain  from  any  comparison  with  either  apo<Mes, 
though  it  is  perhaps  probable  that  Aimella  critpala  is  identical  with  Rotlellaria 
rmota,  Sow.,  this  speeiflB  luTiog  apparently  th«  lUM  flna  and  ahorl  rerolr* 
fakg  fines  in  the  interstices  between  the  longitudinal  xiba;  but  the  length  of 
the  posterior  canal  which  is  of  chief  importance  cannot  be  made  out  from 
Sowerby's  figure,  and  under  these  circumstanoes  I  preferred  to  give  a  new  name 
to  the  apeebneni  from  Banna  whioh  in  action  seem  to  be  distinguidied  by  a 
maUsr  aise. 

Among  the  living  species  only  two  species' with  which  Roitellaria  crUpata  could 
be  compared  can  come  in  question.  These  are  Ro$tellaria  eancellata,  Lamarck,  and 
Beatallarto  cri»patOf  Sowerby,  from  the  Fhilipfdnelalaada,  both  of  whioh  nredoady 
related  to  eadl  other,  tlie  former  differing  by  a  longer  posterior  canal  almost 
extending  up  to  the  apex,  from  the  latter  which  is  distinguished  by  a  sFiort  one 
ourved  backwards  on  the  penultimate  whorl.  In  addition  to  this  character, 
lAioli  aeooidfag  to  iivhig  apeoiai  I  examined,  aeons  somewhat  Taiiableb  that  is  to 
si^,  in  £jm«Z/a  oa«»eW^/a  the  posterior  canal  is  a  little  shorter,  while  in  Rimelln 
eritpata  it  is  a  little  longer,  there  are  some  othsr  and  perhaps  more  distinotive 
characters  whioh  cannot  be  seen  in  Reere's  figures  of  both  species.  In  Rimella 
sriapele  the  kmgitttdinal  ribs  are  arther  thin  andsepsmted  by  brasd  intervals,  a 
featim  whidi  SsftriUeenBeD  Iheesilisr  spto  wbods;in  Jrteelfe  catuiellaiu 
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just  the  opposite  i$3tm  piaoe;  the  riba  are  thiok  and  the  intenrals  narroir;  in 
the  former  species  there  are  therefore  only  18  ribs  to  one  volution,  ■while  the  latter 
shows  DOt  less  thaa  Hi.  Auolher  dUiiactive  feature  is  the  outer  lip  which  is 
peiieettf  amootli  in  MimttUt  eHtpaiOi  whila  ita  oatar  ride  to  eovend  irith  Tety 
icvegnlar  lamcUvt  ptt«ationi^  ▼hidi  onqiuetioiinblj  oanaqwod  to  thererolTiBg 
ehords.* 

Ik  is  therefore  obvioufl  that  under  these  cironmstances  MoMtetlari*  eri^pata  is 
BMoh  neaiev  tetateltotlie  epedea  undn  deMuiptiao  than  Bmt^Oaria  eotteOMa, 
and  I  think  that  there  can  be  no  doubt  «■  to  the  identify  of  the  foaril  and  Uviog 

species. 


Oemn ;  OTPB.£A,  Linn^. 

Ctpr.t;a  GK\NTi,d'Arohiaoand  Ilaiine,  PI.  XIX,  fig.  12,  a-d. 

IS63.    Cffraa  granli,  d'  Arohiac  and  Haiis*,  Dmci.  in  Anim.  {on.  da  Croupe  Kum.  de  I'lnde,  p.  SSt, 
fl  XXXII.  6gi.  14,  14a. 

UW.       •       M    SmOtDg.  Uiat,  Stm^  Uppv  Bqm,  Mm.  (M^  Bimgr  d  liMt,  ItM, 
Td.  XXni.  pL  T.  Cgi.  Uli  Ufc  Ui. 

IbASVBilllNm 

Lmi^h  30-8  nun.    .   16'3  aa. 

Width  117    0      ,  n 

Bi|gMclsy«i«(lHtwlNiIsbtfitkHS  UrO   «     .    »*  » 
The  shell  is  of  arnaH  size  only,  Tentriooaa  and  pyiifeirm  in  ahspe ;  bnadlj 

TOUndod  at  the  posterior,  attenuateil  at  the  anterior  extremity.  The  upper  surface 
is  strongly  and  r^ularly  inflated,  iierfectly  smooth ;  the  lower  surface  is  slightly 
tandd  j  tin  apartoe  ia  not  qnite  oentral,  slightly  eorvied  and  rery  narrow  but 
penMftibly  expanded  at  either  extrenuty ;  the  onter  lip  is  broad,  aat  off         ^  the 

uppor  surface  by  a  sharp  keel,  inflated  and  externally  coTcred  with  about  18—19 
strong  uausverse  plications;  the  inner  lip  is  of  about  double  the  breadth  of  the  outer 

00^  otherwiM  itaohacaeteiaaniheama  aatboae  oltlM  laan  Up.  Both  canals 
Tmrabavt 

Zone  of  Mfliliu  nicobarictu,  Singn. 
Zone  of  Jf«foMnHa  aM^aea^orw,  Singo. 
Zone  of  CaNMllsHd  mMUmUmit  Minba. 

Zone  ol  ParaeytAkut  eaenivut ' 


«r«>jptM  tb*  Bp  is  lirm  I.  wMl»  to  RimdU  tauttOaU  it  U  Mwtb.  All  tu  w^imtot  in  tlu.  Udlu  Xamm 
*aW»lM«hMMtM«lft»lipaiib«»eJrsrtiV.rf,  buillH  rroV.-ibiUi,  t)..;ll.>  oli»a«t»  ii  labjtot  ta  TMUtioo  cannot 
iMdniied.    If,  on  iht  oth»r  hand,  tliii  ol.arac'.rr  >a  n*]h  a  diiticctive  Iratare  of  both  ipMil*,  aa  *mr  is  Dm  fliUi 
ii.iiM'.  nr,  of  tbe  liTing  apMimen  I  oi.mi  Ds^d.  may  katc  oenrrtd.  Bowmr  (hat  d*7  bo,  tkt Ml ^adMB b UuMfal 

«itb  the  living  OM  wbkli  U  cbaxMitMiud  bj  tbin  ImfiladiMl  xibi^  bnil  ialmalS  nl  •  mtlk  titw  Hp 
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Bem(iri*.—The  spacaBa  distinction  of  the  Cypraa  is  extremely  difficult  if  the 
nlher  monotonous  features  of  the  shell  have  to  be  depended  on,  as  is  most  docidcflly 
the  «ase  with  fossil  specimeoa.  Tho  speoific  differences  of  the  living  spedea  arc  almost 
ezdnaively  baaed  on  the  odonr,  a  ohanoter  vhidi  is  of  oovne  ahsent  in  fees!!  speoiee. 
Wo  an  therefore  obliged  to  rely  on  the  difTerenoes  in  the  shape  of  the  shell,  whioih 
on  account  of  its  rrithor  monotonous  character  are  extremely  difiicult  to  define. 
These  difficulties  are  greatly  enhanced  when  we  have  to  judge  from  figures  only 
witlioat  bfliag  able  tooompaie  the  ^ypea.  Wheflier  I  am  therafore  right  or  not  in 
identifljing  the  speoies  under  examination  with  Q^ffrma  gratUi,  d'Arch.  and  Haimoii 
I  am  unablo  tfl  say  ;  the  £»eneral  shape  seems  to  ajree  very  well,  but  neither  from 
the  description,  nor  from  the  ilguro  can  any  iat'erenoo  be  drawn  whether  in  Cypram 
grmM  a  idndlar  aharp  Iceel  aepaxatea  the  Immb  from  the  upper  smfaoe.  as  obeerred 
in  the  gpecimena  under  description,  or  not.  If  this  feature  wore  absent  in  Cypraa 
franti,  a  now  name  should  of  course  be  given  to  the  specimens  from  Burma- 
E.  Martin  describes  under  the  name  of  Cypraa  everwijni,  a  speoiee  which  appears 
if  not  idsntioaloertajnfy  ebaelj  related  to  the  Banna  apeoiei ;  the  shape  agrees  reiy 
well ;  the  aperture  expanded  at  oithiT  eiid,  the  presence  of  the  keel,  separating  base 
from  upper  surface  seems  to  bo  tho  same,  the  only  diHerence  exists  in  the  crenu- 
lation  of  the  lips,  and  tho  partly  visible  spire  of  Cypraa  evmeijni ;  the  first  ohaiaoter 
may  not  be  o(  great  importanook  thoo^  it  is  entainlgr  Tvey  oonstant,  bnt  tiie 
second  feature  which  is,  however,  not  visible  on  the  figure,  would  be  of  greater 
weight,  ioaamuoh  as  in  Cyprtea  gnmti  the  spire  is  always  concealed. 


Qemis;  ABTCIA,  Gray. 

Abicia  HrMEBOSA,  Sowoi'by,  spec,  Fl.  XIX,  fig.  11,  a-o. 

WO.  Offfmaiuutr9tm,3.i»  ObrbSMmbr,  TlWMMt.  Oea\og.  S,«.  «f  londoo,  Snd  ter,  latO,  Vol.  Y, 

pi.  XXVI.  eg.  ar. 

ISIIt        w         n      d'Aiebiie  and  Hainitw  Vtaa-  de*Anim.  fot*  du  Qroop*  Nam.  dt  I'lada,  p^SSl' 

MEisraEHKim. 
widdi     .  to  » 

Tb»  maHiTo  and  thiolc  riMiU  is  of  moderate  siae  and  exhibits  a  tiiangdhur  eir> 
ownfaienoe  iriliidi,  by  the  slightly  produced  posterior  canal,  assumes  a  8ub]>entagonal 
shape.  The  upper  mirfacc  is  8tron<i;ly  inflated,  but  somewhat  flattened  in  the  cen- 
tre ;  it  is  provided  with  five  strong  tubercolcs  varying  in  size.  The  most  anterior 
one  is  lather  lon^,  hnt  not  yvy  seodlvnarin  shape  and  plaoed  tranTOfaely 
aeross  the  surface,  turning  it-s  convex  side  in  anterior  direction.  Behind  it  two 
rounded  rather  high  tubercules  are  placed  symmetrically  on  either  side  of  the  middle 
axis,  and  two  smaller  ones  near  the  ambitus  represent  the  posterior  oomers  of  the 
pentagon.  Tlie  lowsr  nde  is  perEsoIfy  tin  iqprtora  eaadxd»  xaUier  m 
appazeat^  only  the  strangiy  inflated  oater  lip  is  eztemalljr  set  wifli  a  few  eoane 
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tmnsTorsn  plications ;  inner  lip  iiiflatod  but  apparently  imoollu  AotnioV  CtHSl 
ahort,  postei-ior  canal  turned  upwards,  fairly  long  and  bioad. 

Geological  oeourrence."^ 

Zone  of  Arieta  hvmerota,  Tbayetmja 

-  Bemarkt. — The  sfecimen  above  described  has  remained  the  only  one  which  has 
oome  uidM  examinaiioD,  but  bdtg  ynXL  pnaaTedtitaoliaiMrtmooaldbawtiilio* 
torilj  fixed.  Only  tho  characters  of  the  aperturo  remain  soraowhat  doubtful,  as  it 
could  not  be  ascertained  whether  it  is  crouukted  on  both  sides  or  whether,  as  it 
appears,  only  the  outer  Hp  exhibits  the  transTerse  plioations ;  if  existing,  they  were 
eartaiiiljriMMdi  weaker  tlumthoM  of  tho  outer  lip. 

Ariciahnnvrosa  was  first  descrDiwl  and  fifj^ured  by  J.  do  Carlo  So'iverbv,  but 
his  specimen  differs  from  that  under  description  by  having  three  separated  tubet^ 
eoka  plaoed  in  •  «eiiii*dnjle  m  tlie  pooterior  put  oC  the  diell,  instead  of  *  angle 
carved  transrerse  ridge.  The  specimens  which  have  been  examined  and  described 
hy  Messrs.  d'Arehiac  and  Haime  differ  in  a  similar  way  from  Sowerby's  type,  and  they 
agree  therefore  bettor  with  tho  specimen  from  Burma.  The  question  now  arisea>  are 
ire  to  leein  this  feature  adiffetent  spoeifle  ehaiaoter,  or  li  it  nodiiiig  mm  titan  an 
indiridual  variation.  I  rather  feel  inclined  to  take  the  tatter  view,  since  I  have  ioen 
the  number  of  varieties  which  Aricia  moneta  develops,  but  should  it  really  form  a 
distiuctive  spcciho  character,  the  name  of  Aricia  tcllot  d'Arch.  and  Haime,  spec 
dunild  be  anbetitnted,  beeaneetliese  anUum  abeadj  notieed  thia dillBraDee. 

Ki  Martin  describes  under  the  name  of  CypnBa  muritimili;  a  species  which 
is  apparently  closwily  related  to  Aricia  humeroga,  but  he  opinos  that  being  anteriorly 
much  broader,  it  ought  to  be  oooaidered  diilerent  from  Oypraa  humerota.  1  do  not 
know  wheth»  a  slight  difleranoe,  as  the  one  mentioned,  sbonid  constitute  a  specific 
difference,  and  I  dare  say  Pr<>f*^^r  Martin  would  perhaps  take  this  view  if  he  were 
to  enmine a  large  number  of  Aricia  monefa,  which  though  n<aieof  thesheUaia 
eixaotl^  like  the  other,  all  represent  one  and  the  same  species. 

Considering  that  PmleBaor  Martin  states  that  the  arrangement  of  the  tubercnles 
on  the  surface  is  exactly  the  same  in  Cyprcea  humerMa  and  Cypr(ea  muritimiti», 
and  further  that  he  himself  thinks  that  Cjfpraa  muritimiUi  holds  in  shape  the 
middle  between  Cypraa  humcrOMt  Bowerbyt  and  CyprM  hmmerota,  d'Archiao 
and  Haime,  I  bdiove  that  it  vooldlw  better  tooonnder  bothspeotoa  aa  identieaL 
Jly  view  is  further  supported  by  K.  Martin's  observation,  that  in  one  of  his  six  ei- 
niens  tho  three  anterior  tuberoules  arc  amalgamated  into  one  transverse  ridge  ;  Pro* 
taaor  Martin  attributea  tlienfoie  litUo  importance  to  tilla  dflllHrenoe  irhich  he  ap- 
parenfly  took  aa  only  an  indiTidual  variation.  It  is  to  be  hoped  that  Piofeeeor 
Martin  will,  in  bis  monograph  on  the  Miocene  Fossils  from  Java,  state  his  reasons 
why  Cypraa  mwritmili*  should  be  distinguished  from  C^praa  kimerota  more 
expUcitly,  beoiaue  I  think  Aat  both  vgatim  bad  better  be  eoneidered  aa  identtod 
fm  reaeoiw  above  stated. 

Aricia  huwerosa  has  apparently  no  living  relative  amoiy  tlie  faWtt  of  tiie 
Indian  Ocean*  and  moat  probably  represents  an  extinct  type. 
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Gmrai  t  TRIVIA,  Gimj. 
TttmA  SMiTHi,  K.  Martiii,  PL  XIZ,  Bg, 

(Tf-ivi*)  tmilki,  K.  UutiD,   TlKfliohr.  taf  J*?*,  BtibMl 
AwlMliMt, IM ToL  III.  p.  Ul,  ||.  TUI,  ff,  141. 

BrigU  ••«•*•»  10 
WlUk    ••••<*•  M  n 

The  dull  ii  flf  •mall  dM  only,  broadly  elliptieal  in  ihape.  slightly  tapering 
towards  iltliar  axfaMniity,  strongly  inflated. 

The  upper  surface  is  ooTered  with  a  number  of  sharply  raised,  rather  strong, 
tranaverse  ribs  of  varioua  leagth,  taking  their  origin  partly  from  the  inner  edge  of 
Hxb  lips,  partly  from  tlie  edgo  of  the  oanab;  only  a  lov  ribs  estand  {raanaltherside 
as  br  as  the  apex  of  tlie  upper  surface,  where  they  alternate,  but  do  not  amalgamate, 
being  separated  by  a  slight  longitudinal  forroWi  booaose  tba  m^ority  of  the  ri^f 
atop  short  before  reaohiug  the  apex. 

The  base  b  slightly  iallated,  the  inner  lip  oonrfilerably  bnadar  than  tbe  oatar 
eoe;  both,  but  particularly  the  outor  lip,  arc  strongly  tumid  and  well  setoff 
against  the  upper  surface  by  a  auddeu  bend  of  the  shell.  Both  lipa  are  externally 
oo?ered  with  about  10  to  11  sharp  trans vefM  ribs,  separated  by  broad,  oonoareinter- 
atioesb  taking  their  origin  from  tbe  inner  edge  of  tbe  lips  and  estendiii)gtoinidsilM 
upper  surface  where  tlipy  terminate  as  previously  described. 

Aperture  eccentric,  narrow  but  sUghtly  expanded  at  either  end. 

Geological  oocurr»ttoe,-~ 

Zone  of  JPtKrteffoUm  eeentlsii^  Tenaagyat. 

^Miarfa.'— Thaie  ean  be  no  doubt  that  the  specimen  under  desoription  is  identi- 
cal with  Ofprma  {Trivin)  smithi,  K.  Martin,  from  Jara,  all  the  features  being  the 
same,  at  least  X  could  uut  diaoorer  any  diifoceace  with  regard  to  either  shape  or 
oanamentstioD* 

Tryon'  states  that  t]ieri>  are  15  species  belonging  to  this  genus,  one  of  which  in> 
habits  the  northern  seas  of  Europe ;  according  to  Reeve's  monograph  of  the  genus 
Offraa  most  of  them  lire  nomdays  in  the  Western  Hemisphere,  while  only  a  small 
number  life  in  the  Indian  Oeean,  aa  &i  aa  the  PliiUppine  Iriands.  K.  Martin 
thinks  that  there  is  some  similarlry  with  Trhia  onifca,  Lmk.,  spec.,  a  view  in  which 
I  cannot  follow  this  author ;  nut  only  is  the  ornamentation  of  this  speoies  oonaider* 
ably  diflbrent,  tlie  ribs  are  mora  nnmeroos,  apparently  fever,  mii  frequently 
Ufnieate  near  the  apex,  but  what  appears  to  me  more  important  still,  is  the  gvtat 
flfferenoe  in  the  aperture  which  is  wide  and  gaping  in  Tr'nia  oniscft,  nnrrow  and  slit- 
Kke  in  Trivia  unit  hi.  Tlie  nearest  relative  of  TriouB  $mithi  seems  to  me  Trivia 
rmdiam  Lmlct  fiom  Weat  Oolambia  wbidi  esbibita  the  aam^  mtber  aaudli  nnmbar 
U  strong  riba  altamating  but  not  Joiidng  at  tbe  apex  «f  the  whmi 

lirtll.i>ltt. 
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Trivia  rMnicolor  from  the  Indian  Oecin  is  distingoished  by  a  larger  number 
of  finer  ribn  which  rn-f  not  separated  as  in  Tr'iriu  smithi,  but  juin  in  the  middle  of 
the  upp^r  side.  The  uumber  of  ribs  which  stop  short  bet'oru  rcachiag  the  apex 
ttfbaupf«tni9Ummhm>i\eenkTfM»rmbkrieoto^  It  is 

thBKfora  obvious  that  whatever  nujbe  tli'  no-inst  rolatives  of  Trivia  $mitM  it 
VBpveMnta  a  type  wbidi  is  extinot  •mong  the  iauaa  of  the  ladiiia  Ocean. 

Family :  CJasiLID^,  Adama. 
Genua :  CASSIS,  Lamaiek. 
Oaastt  d'Abobuoi,  Noettiag,  PL  XIX.  flg.  14»  m-e. 

lan.  OmtUmlm  wmtimH, f  Awhhe  ui  JUtmt,  Vmm,  teAalm,  1m  fa  9nmt»  Wtm^MTU^ 

p.  317,  pi.  XZXI.  tg- 1- 

UW.  (Q^ttUmitt  rwrOimt,  Kwt  i  ir.  MIo^.-nrF....  rppTBi:rn.m  M«m.OMlic.  l*nv  la^VaL 

XXVll,  !>.  27.  pf.  VI,  fi^s.  1.  U  1*. 

IIXAAUILEIURTS. 
Bligkt  <      •  tt 

■wiaih  .     .  ao  „ 

The  shell  is  of  small  size,  orat*^,  globose  iaabape^  oomposed  of  i  low*  bntelevated 
tpn  and  a  very  high  body  whorl. 
Bmliryoiiie  vliorls  not  observed. 

The  rtttenuat  'd  spire  consists  of  about  fi\'e  ^vhnrls  which  inprrasc  very  slowly 
in  height,  changing  at  the  same  time  the  angle  which  tho  surface  forms  with  the 
suture;  steeply  inolined  at  the  earlier  whorls,  the  sarfaoe  slopes  more  gently 
af tenmds,  the  abovemeotiooed  angle  changing  from  about  70°  to  45*.  Thasntim 
i :  rot  \rc]\  marked,  and  tho  ornamentation  consists  of  abont  four  flat,  somewhat 
irregular  revolving  keels^  the  most  posterior  of  which  (No.  4)  is  much  stronger  than 
tin  others;  fhese  Iceels  areoraased  by  nnmerooi,  but  somewhat  irregular  atrin  of 
gnfwth;  there  are  a  few  irregularly  distributed  varioes. 

The  body  whorl  is  very  large,  stronirly  inflatri]  and  anteriorly  8li2:litly  attenu- 
ated; it«  posterior  part  is  slightly  flattened  and  blupes  gently  towards  the  suture  •* 
It  is  this  part  of  the  shell  only  trhiob  is  risible  of  the  apin  whorla.  The  revolring 
ornamotitatiou  is  twofold,  eii.,  tubereulos  and  flat  keels ;  the  whole  surface  is  ooTaiad 
witli  fi  r  kr.-ls  of  small  but  varyin;,'  breadth  which  are  separated  by  sharply  en« 
graved  lines ;  three  of  these  bands  are  broader  than  the  others  and  are  set  with  short, 
bat  strong,  pointed  taberales ;  the  stries  of  growth  wbicb  crosa  the  rerolving  orna- 
mentation are  coarse,  numerous  but  somewhat  irregular. 

The  aperture  is  larije,  triangular  in  shape,  posforiorly  attenuated  and  anteriorly 
expanded ;  the  outer  lip  is  very  thick,  rebooted,  internally  set  with  a  number  of 
iwane  plioationa ;  tlie  inner  lip  thin  but  expanded^  act  with  a  few  ^iral  wrinkles, 
three  of  which  are  thiok  andstr  ncr,  the  moat  antokr  om  radimsntaiyi  antstior 
canal  rather  long,  narrow,  recurred  and  ascending. 

Geological  oeeurrence.— 

Zone  of  Cmieellaria  mortiniana,  Mtnbu. 
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Semarit^—'l  origiDally  oonridered  tbU  speoiet  n  baloDgiiig  to  the  genoi  OMti- 
daria,  hut  havin;;  sinca  compared  it  with  living  species,  I  think  it  is  preferable  to 
range  it  among  the  genus  Ca«f<«.  The  distinction  of  the  genera  C«Mit  and  Catti' 
4mrUi  11  iMMd  on  moh  minute  detaili,  whioh  are  bardlj  obasrrable  in  fotail  speoies. 
that  it  will  often  be  impOKible  to  My  to  vbieh  of  tlie  two  geneia  a  giTen  apeoiM 
bdongs. 

It  is  unquestionable  that  the  species  under  description  ia  identical  with  the 
fngnunt  vhieh  has  boea  daioribed  by  Ueasn.  d' Avobiae  and  Hatme  as  OtttMoHm 
corinata,  Lam.  var.,  thoagb  it  la  unquestionable  that  tUt  apeoies  is  different  from 
the  typical  Cassidaria  earinata,  Lam.,  a  vie^v  which  was  apparently  heldhy  Messrs. 
d'Arohiac  and  ILume  themselves,  and  whioh  lliej  gave  oxpro>8ion  by  adding  var.  to 
thflix  detenninatkni.  If  we  oompaie  tbe  ^gam  d  tbb  apeeiaa  as  given  by  Dedtayes 
the  difference  is  at  once  apparent ;  Cattidarin  earinata  is  diatingoished  by  a 
more  attenuated  body  whorl,  set  with  about  five  revolving  keels,  of  whioh  only  one 
or  two  are  nodoee ;  more  important  seems  the  longer  anterior  canal  which  is  laterally 
eorred  and  sot  nenrred  and  asoaodii^  aa  in  Oaah  dPm^Umti* 

Though  the  genus  Cam*  is  nowadays  represented  by  numerous  speoies,  I  hare 
not  been  able  to  discover  any  one  which  might  bo  compared  to  Comm  ^arohio^ 
but  it  is  unquestionable  that  it  beloofp  to  the  group  of  the  wdl-knowa  Onm 
tfereafe,  Lin.*  wblah  is  bhaiaeteriaed  by  a  aimilar  oraameatatlba  tnd  shape  of  the 
ftportaie,  havinc^  un  inner  lip  set  with  a  few  wrink!«s  only  {vide  Reere's  monograph 
of  the  genus  Cassia,  PL  I,  fig.  8)i  but  a  further  relationship  with  this  speoies  is  most 
probably  out  of  question.  Itaseastheiefoice  very  probalde  that  Cassis  a'aroliaei 
Mfcesenis  a  type  wbaxh.  is  extinet  among  the  pnaent  ftuiiis  of  the  Indian  Oosan. 

Genus :  8BlII0A8n8»  Klein. 

SsHiCASsn  PBOTOJAFOMICA,  speo.  nov.,  PL  XIX,  fig.  IG,  4-0. 

1806.    C»nid0ri»  4M»,  NatkUng,  ilkwMM  ftm.  Vffn  Bartn»,  M«a.  Otdof.  Sam;  of  ladit,  ISSCi  Ytl.  ZXTII. 

p.M'.ii.niai-aiS'.a. 

MsAfUBKUHNTa. 

Heii;)it  .       ■    17  Hiia.  (appioiimatel;). 

Wi.iili    .       .    14  » 
Apica!  «n>;le    .  88* 

The  shell  is  of  small  size,  ovate  in  shape,  globose,  consisting  of  a  short  elevated 
apiie  and  a  high  strongly  inikted  body  whorl. 

Probably  two  smooth  embryonic  whoils. 

The  spire  is  short,  turreted  and  well  elevated,  consisting  of  about  four 
rounded  whorls  which  slowly  increase  in  height.  Tbe  antan  is  tnther  deep.  On 
the  eailierwhefb  ft  fiswindisliiietvevalvinghsels  begin  to  appear  whieh  gcadoaUy 

gain  in  strength;  on  the  penultimate  whorl  these  keels  are  lather  f.harp,  slightly 
granulose  and  separated  by  broad  oonoare  iateistioes.  No  varices  observed  on  the 
spire  whorls. 
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The  body  whor!  is  large  and  strongly  inflated  ;  the  ornimentation  consists  of 
sfaroDg,  granulose  revolring  keels  separated  b/  broad  interstioes,  which  show  a  few. 
fllifom  chorda  io  anob  a  way,  that  ation|;  rib*  tuid  floe  ohords  regularly  alternate ; 
opporita  tin  outer  Hp  ia  m  itRng  wri&  Tba  outer  lip  ia  rather  thick  and  refleeted, 
appirontly  denticulate  within.  Anteriot  pofftioB  oC  tho  body  whod  hmkm  ol^  tho 
canal  therefore  not  observed. 

Apertnro  not  dbaerfod,  piefaably  nUier  wido, 

Q^oiogical  oecurrenee. — 

Zone  of  Canofllaria  martiniana,  Minbu. 

M«mark$, — There  ia  QO  similar  speoies  among  those  described  by  Martin  from 
Jxn,  Smnatn  md  Weatan  Indltt  nor  ean  I  And  any  other  foanl  ipaoies  to  whidi 
CiUti$  protofaponica  eeold  he  flompared. 

On  tlic  other  hand  it  is  unquestionable  that  it  belong  to  that  ?ronp  of  which 
we  may  oonsider  Ca$*i»japoniea  as  the  type.  This  group  is  distinguished  by  a  very 
nmple  oroMDenltlioii*  eoniiitfng  of  mmMmn  revoMng  keeli  vluob  eorvr  the  whole 
of  the  surface  of  body  and  spire  whorls.  Varioes  are  rwe  and  then  b  genmlly  one 
only  on  the  body  whorl,  more  or  opposite  to  the  outer  lip.  Ibe  9fin  whorls  do 
not  exhibit  any  rarioesf  and  even  that  of  the  body  whorl  may  he  ahaanft  in  indivi* 
dual  ipedmeiM. 

The  Bpedmens  of  CattU  Japoniea,  Eeeve,  winch  I  could  compare,  show  a  great 
Mmilari^  with  Ca$»u  protojaponica,  yet  there  exist  certain  differenoes  which  render 
a  qeoiflo  identity  imposaible.  It  appears  that  Oauitjttj^mea  haa  a  higher  spire,  and 
theielDieamoieaeateqpiealangileihaa  OoMbjw'oA!^^^  Thia  faatnre  will  he 
aeen  hait  in  the  foUswlBg  iahk.:— 

It  most  however  be  mentioned  that  it  appean  that  iu  Gattitjapomiea  the  apical 
angle,  and  AeretofB  flie  height  of  the  afdie  ave  auhjeot  to  oenaln  miationi^  aa  I 

have  seen  a  specimen  of  C<UBi»  japoniea  in  the  Indian  Muieum  harlng  quite  a  low 
spire.  There  exist  certain  differences  with  rcgrard  to  the  ornamentation  between  the 
two  species  which  are  best  to  be  seen  on  the  body  whorl.  In  Oa$ait  japomca  the 
otnauMntaiiim  eaoiaista  ef  nnmarooa  flat  molTinf  liha  of  rarying  hraidth  aeparaled 
by  lather  nanow  intecitioes^  the  breadth  of  which  is  also  aahjeot  to  variation ;  only 
here  and  there  a  finer  rib  is  interpolated  between  two  stronger  ones.  In  Catsis proto- 
joponitM  the  ornamentation  consists  of  sharp,  granulosa  ribs  of  equal  strength 
aepaiated  hy  IntHiliaea  of  unifbnn  hreadth,  and  there  ia  a  ^ery  r^nhr  aHanatiogi 
of  itronger  ribs  and  finer  chords,  the  latter  appearing  in  the  interatioea. 

If  we  turn,  howerer,  to  the  ornamentation  of  the  spire  whorls  we  observe  an 
ornamentation  Teiy  aiinilar  to  that  of  Cattu  protojaponica ;  the  ribs  are  almost  eqni- 
diatanti  el  equal  hnadlh  and  ohMOtelygtaiiidoM,  being  aepaiated  hgr  btoad  inter- 
atioeg.  The  granulosa  appearance  is  produced  by  fine  somewhat  oblique  longitudinal 
lines,  which  at  the  point  of  interseetion  with  the  refolving  keels  are  raised  into  fine 
nodules. 
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The  brepliio  stage  of  Ca»»it  japonica  exhibits  therefore  suoh  a  great  similarity 
with  the  fossil  CatHt  protojapo/iioa  that  it  is  very  probable  that  it  has  directly 
evolved  from  that  speoies;  larger  size  and  a  coarser  ornameatatiuQ  are  quite  ia 
ooBooidanioe  wtth  flie  Mune  dwtmtioin  made  ia  oilier  ^eoiei. 

Genitt :  GAIBOPEA,  Uak. 
Gauodba  MMtunauk,  epeo.  iiot.>  PL  ZIZ»  Bgi.  16^  17, 17a. 

MlASOBIUENTS. 

BiHgkk       •     amm.  U  mm. 
WHtt       .      t        1M  . 

Aptnl  kngl*  .        f  f 

The  shell  is  of  small  size  only*  elongate,  ovate  in  shapes  oompoaed  of  a  rather 
high  spire  and  a  large  body  iriiorl* 

Tbe  ipife  ki  appueiitly  eompeeed  of  more  Uimi  ioiir  inllated  irhoilii 
increasing  rather  quickly  in  height,  which  are  separated  by  a  deep  suture.  As 
far  as  can  be  seen,  the  ornamentation  oonsists  of  a  feir  niuuled  revolving  keels 
separated  by  bcoed  and  flat  iatentieee. 

The  body  whorl  is  rather  large,  inflated  and  anieciaiilj  attenuated,  ending  ia 
a  fiurly  long,  laterally  turned  canal.  The  ornamentation  consists  of  rounded 
lavolnng  keds,  separated  by  broad  interstices  in  which  a  finer  one  appears ;  one 
«C  llieaa  keels  is  qpinoee  and  Che  suriMe  sbpes  gently  bom  it  towards  tho  •otoio. 
Ho  ▼arioes  obserred.  Apertnre  not  obsanred. 

Qtoiogical  occurrence. — 

Zone  of  Mytilm  iticobwriom,  Singu. 
Zone  of  JMeeoreKo  sMfeen^nl^  Bingo. 
Zone  of  Area  iheobaldit  Kama. 

Bemarki. — There  (»n  be  no  doubt  that  the  specimen  under  examination 
belongs  to  the  genus  Oaleodea ;  the  elevated  spire  and  the  fairly  long  anterior 
oaaal  apeak  deeidedly  for  sndi  a  view. 

The  speoiflc  obaracters  have  perhaps  not  been  made  out  tritb  desirable 
completeneee ;  but  the  rather  small  sixe  of  the  shell,  together  with  its  oraaiaentatioD, 
P^rtioolarly  the  single  nodose  keel  dividing  the  smaller  posterior  fart  of  the 
nnftMOof  tlie  body  whed  fitom  its  larger  anteiiov  onoiaia  featiuai  wUoh  ai<» 
feeogaiiaUa  in  all  tha  speciiBeni  I  eyamlnwd. 

Genua :  ONISCIDIA,  Swainson. 
OmoiDU  invBDaiMn,  Hoetling^  PL  ZIX,  figs.  18, 18a,  19, 19a. 

W.  XXrU.  p.  88,  pL  TI.  Cb*i  ^  l«  44. 

Height  13-5  (inMdMMjrlt 

Widtk      .  t 

The  shell  ia  of  mail  riiOb  Tdutifonn  In  dlap^  oouislingof  a  low  tuiated 
epiie^andahi^aiteovatBdbo^ywhoKL  1taabi|onle  whoilB  not  oboerrod 
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Tbeipire  consists  of  about  five  whorls ;  the  exact  number  could  not  be  asoertained, 
tbe  ap«z  being  damaged  in  all  tbo  specimens ;  the  whorls  are  inflated,  somewhat 
ttngolar  Md  aepamtfld  bf  »  deep  nUmn.  The  earlier  vharii  Appear  ie  be 
rounded,  but  the  penultimate  whorl  is  divided  by  a  rofolfing  ksal  inte  ft  fBOllif 
■lopinpr  posterior  and  an  almost  Tortioal  anterior  part. 

The  ornamentation  ooatdnot  be  well  oburTed,but  it  seems  to  oonsist  o( 
laflier  itroag  loagitndliMl  libe  eioaeed  bf  muBttwai  xerolTiiiK  iibe»  wbieb  are 
laised  at  the  point  of  intersection  into  lou*   nodules.   No  varices  observed. 

The  body  whorl  is  high,  oocupjiog  almost  two-thirds  of  the  total  height 
inflated,  angular  and  etrongly  attennaiad  In  anterior  direction.  Tbe  bed  eetling 
off  tbe  amaller  posterior  party  which  gently  dopes  towards  tbe  suture,  is  well 
marked;  the  ornnmentntion  consists  of  strong  longitudinal  ribs, apparently  fading 
away  towards  the  aperture,  which  are  crossed  by  numerous  rounded  rerolving 
keels  separated  by  linear  interstioet. 

The  aperture  was  apparently  rather  long,  but  narrow ;  the  onter  lip  is  shavpw 
raised  and  coven^d  internally  with  coarse  writtkle'i  ;  the  innor  lip  is  large,  expanded 
and  set  with  numerous  irregular  coarse  wrinkles.  Anterior  canal  short*  appor* 
ently  laterally  carved . 

Oaological  occurrence.—' 

Zone  of  Cancellaria  marliniana,  Minbu. 

Jtetaarkt. — ^Though  I  have  only  a  few,  not  very  well  preserved  specimens 
before  me,  tbey  are  perfeotly  enfficient  to  flx  tbe  generio  position.  The  raised 
spire,  the  short  canal  prore  that  we  have  to  cons^ider  this  species  as  a  Catgidaria 
which  differs  by  its  smaller  size,  but  particularly  by  the  omamontrxtion,  from 
Oaleodea  moniltfera.    I  find  neither  a  fossil  nor  a  liviog  relation  of  this  species. 


Genns  :  FICULA,  Swainson. 

FiccLA.  TBEOB&I.DI,  Noctling,  PL  XIX,  figs.  20,  20a,  21,  2Io. 

ISN.  ^MmtmUMimUU,  Haiaing,  IDmwi  Vmt.  Upgw  fionaa.  liMi.  QMUg. SwTif  «f  lUk,  UMk 
TsL  mU,^  18.  IL  Tl.  iobf,  Ik 

MsAsntSHBins. 

Height       .      mm  tlua  40  aa. 

Widlh         .       not  memred. 

The  shell  must  hare  attained  a  considerable  size,  because  a  fragment  ot 
tbe  body  wborl  measnm  not  less  than  4i0  mm.  in  height,  though  all  the  otbei 
sperimens  eiamined  remain  well  under  thai  else ;  it  is  pyriform  in  shape,  composed 
of  a  short  depressed  spire  Hnd  a  very  large  anteriorly  attenuated  body  wborl. 

Embryonic  whorls  not  observed.  The  spire  whorls,  which  are  about  four 
in  number,  increase  ilowlj  in  beigbt,  and  are  separated  by  a  sharp  snioie ;  the 
earlier  wborls  are  apparently  rounded,  but  tlic  penultimate  wborl beeomes  deoidedly 
angnbr,  owing  to  two  shai^  TOtolTing  ksels.  Tbe  omamrptation  consists  of  a 
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numbpr  of  fine  revolving  keels,  two  of  which  arc  much  stronger  than  the  others, 
and  divide  (he  surface  into  three  bands  of  about  the  same  breadth;  these  keela 
•nennedby  nxaumnu  tnt,  bat  sharply  rais^,  regular  eejoiditteiit  longitndimd 
ribs  produoiug  a  regular  lattice  work. 

The  body  whorl  is  very  large  and  high,  broad  and  inflated  at  its  posterior, 
attenuated,  and  somewhat  flatter  towards  its  anterior  end.  The  lattice-like 
oraamenlatioii  ii  more  diitinet  tibaa  on  tba  i^ixe  whorls,  andsbows  the  folloiriag 
character ;  there  are  about  14  sharply  raised,  but  fine  revolving  keels  separated  by 
broad  interstices  of  the  saiuo  breadth,  each  of  which  is  sub-divided  by  a  finer  keel 
into  two  hands  of  equal  breadth  ;  each  band  bears  again  three  still  finer  keels, 
the eenttel  ooeot  wUoh  Is  pawpHMy  itvonger  than  the  two  others.  If  the  ribs 
are  divided  eooording  to  their  strength  into  four  orders,  tlioir  sequence  in  antero- 
pOStMior  direction  would  be  as  follows  :  Ist,  Ith,  .Srd,  4th,  2nd,  tth,  3rd,  Itli,  1st 
Older.  The  revolving  ornamentation  is  crossed  by  numerous  tine,  but  sharply 
raised  kogitodinal  ribs  of  uoifonn  etrength  following  eloee  to  eaeh  other  at  about 
the  same  distance.  A  very  chnnrterisf  ic  lattice-work  is  thus  produced  by  the 
intersection  of  the  longitudinal  ribs  of  equal  strength  and  tlic  revolving  ribs  of 
diilerent  strength.  Aperture  unknown,  bat  apparently  longitudinal  and  rather 
wide. 

Geological  occurrence. — 

Zone  of  MytUut  mioobarieut,  Singn. 
Zone  of  JCfMNMrdla  mttam^garit,  Singu. 
Zaoa  of  CaneiUaHa  ewrWaJewe,  Minbu. 

Zone  of  Parari/athut  eaerulewt,  Ycnan<j:yat. 
Bemarks. — This  species  is  easily  distinguished  by  the  peculiar  lattice-work 
omaineintation  la  above  described ;  in  JSeela  spec,  the  revolving  ribs  are  almoat 
aQ  «C  aqoal  itttngUi,  much  more  numerous  and  the  meshes  of  smaller  size.  If  the 
ornamentation  as  above  described  is  a  specific  character  and  not  subject  to 
variations^  I  am  unfortunately  not  in  the  position  to  settle  this  question,  as  only 
one  apeoimen  dwwa  the  mrlMse  sniBoiiently  mill  prsserved,  JKnila  tieeiaidi 
bears  no  nmilarity  to  any  fossil  or  living  species.  A  distant  relative  is  perhaps 
Ficula  fieoides,  Brocchi,  but  I  cannot  say  anything  defiuito  with  regard  to 
this  species.  It  appears,  however,  certain  that  Ficula  iheubaldi  represents  a 
^ypo  whidh  does  aot  etiatammg  the  Kvtng  frana  of  the  Ibdianpoaan. 

PtomA,  tPBO.,  PL  XIX,  figs.  S9,  SSe. 

Unfortunately  only  a  few  fragments  have  been  preserved,  but  the  character 
of  the  ornamentation  seems  to  demaoetiate^  that  the  speciee  here  mentioned  Is 
diffenntfiroin  Amile  tkKMdi,  TheebeUwaa  apparently  of  still  larger  size 
and  the  ornamentation  consists  of  numerous,  very  closely  set  revolving  keels  of 
oqual  strength  \  at  least  there  is  not  much  difference  in  strength,  though  some  of 
fhekeekattaUtilaitiMrtlwtt  olhenstbeaelBaebaMeiMndby  ni^^  ntber 
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fine,  longitudinal  ribs,  which  are  of  equal  strength  and  closely  follow  each  other  ; 
the  lattice-work  thus  produced  coasists  of  numeroos  small  meshet  of  equal  sise. 

OtetogidtU  oecurrmot.— 

Zone  of  PMvlUliffyidum  protoforlwMum,  Kama. 

Semarkt. — ^The  numerous  revolving  keela  of  almost  uniform  size^  and  the 
small  meshes  readily  prove  that  the  fragments  abore  mentioned  must  belong  to  a 
speobi  diHermt  bom  FM9  HeebmM.  Owing  to  the  feij  fregmeBluy  iteto 
I  havob  howem,  Mfiained  ham  giTing  a  ipeoid  name. 

Eunilyt  TBJTONIMDJB,  Adami. 

G«iut  TBIION,  Mflnttoct 

Od  the  foUowiag        three  speoieB  have  heen  desoribed  wfaioh  mart  be  odd- 

sidercd  as  belonging  to  the  genus  Triton,  if  in  concordance  with  Reeve,  we  take  this 
genus  to  be  characterised  by  irregularly  distributed  varices ;  as,  however,  in  two  of 
the  spedfls  there  are  probably  not  BOKUMft  two  Tuioes  to  one  Toltttio^  while  in 
TWtosthen  ehooU  at  kMt  he  thiee.  tteir  generio  powfeiaii  nu^  appear  Moewhat 
doubtful 

These  species  can  bo  easily  distinguished  as  follows 

A.    Shell  short 

(«)  Body  whorl  oofMid  wiA  anwives  Apt  isvolviBf  shoKl%  sapuatidbf  Haw 

iatamtioMb 
1.  TrUvm  »»MHiat»liu,  «p««.  aev. 
(I)  Body  whorl  oofand  wiUi  a  hw  lalhw  itWBf  wwltiag  hsA  sspantsd  by 
broad  intertticM. 
S.  Tritom  pardaUt,  Noetlioff. 
Bt   Shell  •lon'TotK. 

3.  Triton  ntaeolahrinui,  ipec.  nov. 

No  living  relatives  of  these  species  could  he  found,  though  I  devoted  eonnder* 
able  time  to  the  itudy  of  the  epedes  of  TrUom  and  idated  gennm,  pMotrred  in  flie 
^^irflwn  of  the  Indian  Museum.  It  can,  therefore,  bo  consirlorcd  aa  certain  that 
thcj  lament  ^ypee  whioh  do  not  eiiet  among  the  living  fauna  of  the  Indian 
Ooeaa* 

On  the  other  band,  two  opeoifl^  THUm  neMMahO^  ud  Triton  neacotuhrinut, 

exhibit  such  a  close  relationship  to  ZV*<mj  and  Triton  colubriniii  from 

the  Eow-ne  of  Paris  that,  particularly  with  regard  to  the  former  species,  it  appears 
almost  impossible  to  discover  any  di£fetenoea 

!pw  lalitioodi^  of  the  thi>d  ipooieo,  IWfoa  p^rdOtt,  appears  somewhat doohfe- 
Ivlsinahapeitiialmflotthesame  as  the  living  Triton  gemmatus,  yet  if  this  species 
would  be  considered  as  the  descendant  of  Triton  partMi*,  just  the  opposite  of  the 
rule  hitherto  observed  with regaid to anoMtorind de«>endant  would  tolce  ploee. 
In  aU  other  hutaiiMO  whera  aneh  a  idafiooiliip  ooold  ha  tmied,  the  living  descend- 
vat  exhibited  a  larger  size  and  a  coarser  ornamentation.  In  this  instance  the  siae 
would  have  roiPftiu^d  the  tame,  but  the  ornamentation  of  the  Uving  species  would 
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1w  ttnoih  finer  than  that  of  its  fonil  ancestor.  This  being  contrary  to  all  the  otber 
observations,  I  believe  thfit  there  exists  no  relationship  between  Triton  lyardalit 
and  Tritm  gemmatutt  and  ttiat  the  former  represents  an  extinct  type,  whioh 
liw  moA  gnbably  tti  Mimt  idattvw  aaunf  fbefMnia  of  the  olte  Indiaii 

TarroH  Keastriatulub,  spec,  nor.,  PI.  XX,  figs.  2,  a-c,  3,  3a. 

ZZTn,  vL  m  %  btbia.  f.  fib  a)l 

He\Tit.      .   mora  than  18  nra 

WiaU  ...         11  »  [spproiiiaattiy. 

The  shell  is  of  small  riie  onlj,  elmngataly  orate,  composed  of  more  thaai  flfe 
whorls  forming  an  elevated  spire  and  oompantiTely  short  body  whorL 
£mbryonic  whorls  not  obserred. 

The  qibe  ii  eompoMd  of  at  IcMtfonr,  itnmgly  iniated  vhorlB  separated  by  s 
very  deep  antore ;  the  whorls,  which  iacreaso  vory  slowly  in  height,  arc  covered 
with  a  few  thick  rounded  longitudinal  ribs,  of  which  there  are  eight  to  one  volution, 
separated  by  brood  interstices,  thoee  of  the  succeeding  whorl  following  stciiight 
nndflBuatii  of  fboie  of  tlie  preoedingone;  thieire  aie  a  Anr  varieeo  wtiidi  difltar 
so  little  in  strength  from  the  longitudinal  ribs  th^t  thny  are  hardly  discernible.  The 
whole  suxfaoe  of  the  whorls  is  covered  with  numerous  smooth  and  flat,  roTolving 
keels,  somewhat  inregalar  in  strength,  separated  by  deeply  engrared  Imear  inter* 
•tiees.  The  longitwliaal  zSib  hepn  to  become  weaker  on  the  penaltimate  wlund  and 
have  entirely  disappeared  on  the  body  whorl,  where  only  the  varices  retaain* 

The  body  whorl  is  rather  short  and  covered  only  with  the  revolving  oraamentap 
tion,  Imt  the  keeb  have  inoreased  in  strength,  the  intentiees  have  beoome  hieader, 
iind  towards  the  anterior  end  a  fine  filiform  line  appears  between  two  stronger  keels. 
The  last  varix  is  of  great  thickness,  stront,'ly  inllatod  aud  well  sot  off  against  the 
other  part  of  the  surface  by  a  deep  furrow  at  its  posterior  side ;  the  revolving  orna- 
tnentation  extends  all  over  its  aarfisoe,  as  well  as  on  the  external  side  of  the  outer 
Kp. 

The  aperture  is  oval,  but  rather  small,  being  restricted  by  the  broad  varix ;  the 
outer  iip  is  sharp,  raised ;  the  inner  lip  thin,  covering  the  columella,  but  slightly 
laisel  at  its  anterior  end.  The  aaterioc  mul  is  short*  nanow  and  stnagly  tnraed 
vpwsids. 

Qtologieol  oeemrrenee. — 

Zone  of  Faracjfailiu$  caeruleut,  Yenangyat. 

JtoeerJw^-^IIiis  speeles  is  very  similar  to  3Wfs«  jHwitfitHt  with  wU^  identi- 
fir-d  it  ia  my  first  inomoir ;  having  since  obtained  somewhat  better  preserved 
specimens,  I  must  admit  that  fig.  8  of  my  previous  memoir,  which  I  have  taken  as 
li»  type  of  Tntm  neattrioMvi,  differs  from  the  other  figmres,  tai  wUeh  I  retain 
tile  name  of  Triton  pardatii. 

The  shapeof  both  spscieB  is  muoii  thesasMb  but  the  amamentstioneihihits some 
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differences  not  to  lie  overlooked  ;  in  the  Triton  neaitriatnlun  the  lon»itudinnl  ribs 
of  the  apire  whorls  are  few,  but  the;  are  rather  strong ;  in  Triton  pardalit  thej  are 
mimaraw  aad  thia;  theehief  diffsNBoe  iwta^  bowvrar,  in  flie  vmlving  om> 
msatatioiit  partioularlyas  it  ia  observed  on  the  body  wborl;  in  Triton  neattrio' 
iutwt  it  consists  of  numerous  but  somewhat  irregular  revolving  koels  sppnrated  by 
liiMW  intorstices ;  in  Triton  pardalit  the  keels  are  rather  regular  and  separated  by 
braid  intflntiow  whieb  an  oooupied  by  Tery  fine  fflifOim  keeb.  In  addii{<m  it  may 
Im  mentioned  that  in  Triton  pardaHst\\G  last  varix  is  never  so  broad  and  strongly 
dereloped  as  in  Triton  neaslriatulut,  particularly  the  deep  iurxow  at  it*  poatarior 
aide  ia  abaent  in  Triton  pardalis. 

Hm  generic  poaition  of  Triton  iMaaMa/alM  may  appeav  aomewliat  doubt- 
ful, bncrniisp,  aa  far  aa  lean  make  it  out,  there  (do  not  exist  more  than  two 
Tarioes  to  one  Tolutioni  it  is,  however,  extremely  difficult  to  distinguish  between 
TurioeaaJidlongttiidinalcilMontiieaBrlierspirewlinrIa;  infaotWNMot  thespeoimens 
I  examined  allows  tlie  diatiactioa  between  varices  and  kagitndinal  tiba  to  bo 
carried  out  beyond  the  penultimnto  whnrl ;  it  is,  however,  quite  c-crtain  that  there 
axe  only  two  varices  opposite  each  other  on  the  body  and  pcaultimate  whorl ;  and  in 
one  speeimen  tbey  are  arrang«d  in  a  atiaigbt  fine,  irhile  in  the  otber  they  unques- 
tionably do  not  ithow  this  ^anellocUlce  arrangement.  Takin<^  everything  into  oon> 
gideration  I  should  think  that  the  specimens  under  examination  shmild  zathar  be 
included  among  the  genus  Triton  than  among  the  genus  Banella. 

Ko  aimilar  apecfea  ia  known  dth«r  from  Java,  Bnmaira  Weatern  India, 
nor  c  ui  I  find  any  living  relative,  and  we  must  assume  that  Triton  neattriatulut 
represents  a  type  wlkioh  does  no  longer  eziat  among  the  Uring  fauna  of  the  ln<li>it 
Ocean. 

On  tbe  otber  band  it  baara  ibe  atrongeat  nbtionahlp  to  TrHom  ttriaMiit, 

Lmk.  sp.,  from  the  Eocene  of  Paris.  The  only  difference  between  Triton  ttriatulua 
and  Triton  neaatriatulut  exists  with  regard  to  the  longitudinal  ribs,  which  in  the 
Eocene  spedes  are  still  strongly  derdoped  on  tbe  body  whorl,  while  in  Triton  neat- 
iriaMtn  tbey  begin  to  die  01^  on  tbe  peanllimAto  wbori,  and  bave  entirely  dis- 
appeared on  the  body  wborl. 

Tbe  fact  that  Triton  neattriatulug  has  no  living  relation  in  the  fauna  of 
tbe  ln£an  Oaeaa,  whilelt  beats  a  itrang  vdatiogsbip  to  the  Eocene  Trito» 
atrtoMut,  Lmk.,  ia  a  very  interesting  cue,  aa  under  theae  flirmmatoniooi  this 
apeoiea  Mpieaenta  an  arehaio  elemenli 

Teiton  paupalis,  Noetling,  PI.  XX,  fii^.  5,  a-c. 

ISM.    TrU»m  f«rdaiu,  Noetling,  Mioeeae  Fua.  Upper  Bans*,  Uma.  Gaolog.  SaiTe;  »(  lndiiu  V«L 
ZXTK  pL  TI.      f.  7a.  ■  (M.  a<»l 
HusrssHiNTs. 
Hti(I>t         .      16  mia,  (spptmiiiittelj). 

Willtl,  .       fl  ., 

Apical  aagla  .  68** 

The  shell  is  of  ranU  aiw,  bneeimform  in  shape,  composed  of  an  elevated 
tnmted  apne  and  a  rather  short  body  wboiL 
Bmlwyonie  whoda  not  obaerred. 


uiyiii^uG  by  Google 


FAUNA  OF  THE  MIOCENE  BEDS  OF  EU&IIA.  MS 

The  spira  oonsists  of  more  than  four  rewidfld  whorls,  separated  by  a  deep 
RTituro,  incrcising  gradually  in  hoi'.'Ut.  Tlie  ornamentation  consists  of  thin  longU 
tudinal  ribs,  which  are  rather  numeroiu ;  there  may  be  18  to  one  roiution,  sepaxa* 
ted  bj  ntber  nanow  iotaMtioea ;  Hba  wioei  an  low  and  not  Teij  distinotlj  Men,  but 
there  appear  to  be  three  to  one  Tolntioo.  The  rerolnng oroamentation  v,hirh  covers 
the  whole  surface  consists  of  numerous  fino,  flat  keels,  separated  by  bri  ad  inter- 
stices which  are  filled  up  by  filiform  raised  line8>  one  of  whioh  sometimes  exceeds 
tlM  €tlMi»  in  fltraoirth. 

The  body  whorl  is  inflated,  appearing  rather  short,  though  it  occupies  over  half 
of  the  total  height;  it  is  perfectly  free^of  any  longitudiual  omameotation ;  in  fact 
the  ribs  grow  ahnady  waaker  on  the  jnnultimate  whorl;  the  zaTolring  omamenta* 
tioii  k  flie  same  as  on  the  apira  vliork,  only  maia  dbtiooti  and  aome  of  the 
secondary  keels  become  almost  aa  strong  as  the  primary  ones.  The  l:ist  varis  is 
rather  strongi  inflated  and  oovand  with  the  reTolving  keels  and  iutermcdiatu  liues. 

Hie  aperture  ia  ofal,  rather  wide ;  the  outer  lip  sharp  but  apparently  only  a 
UtUe  raised ;  inner  Up  thin,  oowng  tiw  abort  ooIwiMlla.  Ant^or  eaaal  ahoct* 
alightiy  bent  upwards. 

QcQlogical  occurrence. — 

Zone  of  OanceiUria  martinumn,  Uiabn. 
Zone  of  Faracya/hiis  oicrulmUt  Tenangjat. 
Zone  of  JrC:t  ihcobaUli,  Kamn. 

Semarkt. — As  I  already  remarked  I  originally  united  Triton  neaitriatului 
wifli  tbia  spedea ;  a  eloser  eiandnation  of  better  pveserred  tpeoimena  baa.  howerat^ 
proved  that  tbia  view  is  untenable,  and  as  the  differences  have  been  explained  ia 
the  description  of  Triton  neattriatulus,  it  is  superfluous  to  repeat  them  here. 

No  similar  species  has  been  described  from  either  Java,  Sumatra  or  Western 
India,  and  I  find  iJao  so  other  fosail  apaeiaB  to  whioh  I  eonld  oompare  it 

Among  the  living  species  Triton  gemmdtut,  Beeve,  appears  at  the  first  moment 
very  similar  to  Triton  pardalii,  but  on  oloser  examination  it  will  be  seen  that 
though  in  shape  they  are  almost  tlie  aame,  tiie  omamentatioa  is  perfectly  different. 
In.  TrUm  parMk  the  ornamentation  oondata  of  nnmoiona  fine  fevolTing  ribs^  tlie 
interstices  of  wliich  are  occupied  by  extremely  fine  chords,  in  Triton  tjemmatui 
there  are  a  few,  coarse  and  strong  revolving  ribs,  which  are  separated  by  neatly 
cancellated  interstices,  liaving  hovofer  only  one,  or,  at  the  outside,  two  revolving 
chords. 

This  similarity  in  the  shape  will  be  best  expressed  by  the  following  table:' 


IMahrisbt. 

Batie  bctwfcn  toUl 

•9mm. 

O-tt 

2W(mi  ;a«aM(af     ■      •  # 

IS  » 

6-6  , 

ess 

68* 

From  these  figores  it  appears  that  the  oolj  diffiwenoe  vhieh  can  he  made  oot 

concerns  the  relative  height  of  the  spire,  whjdh  appean  to  be  sUghHy  hlgber  in 
TritM  jfardalit  than  in  Triton  gemmatut* 
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Whether  under  these  oiroumstancps  Triton  getnmattu  can  he  considered  as  s 
deBoeadant  of  TrUon  pttrdaUt  I  am  unable  to  aa7 ;  in  fact  I  rather  feel  inolined  to 
x^JeettiMliaTiewonMOOvratof  tl»aliii08tabMliitB«lii^  Inalltbe 
oKher  ipedee  which  ooald  be  considered  as  the  ancestors  of  Uvillg  qpeolM  we  hare 
seen  that  there  ia  a  general  tendency  towards  the  development  of  lar£»cr  size  and 
coarser  ornamentation  from  the  (ossil  to  the  recent  species.  In  the  prcieiit 
laattnetllM  rfae  woald  IwTe  venwiiNd  the  mom^  Imt  tli««niaiiMBtatlon  would  lum 
lieooiM  flnor  ia  tin  living  deaOHndftnt.  For  these  reasons  I  think  that  flie  similarity 
of  both  species  is  merely  outwardly  and  not  founded  in  any  aotual  relationship,  and 
that  Triton  jMrdali*  represents  a  type  which  ia  extinct  among  the  fauna  of  the 


The  shell  is  of  small  sise  only,  elon^atolr  tnrreted  and  compoaed  of  niiw 
rounded  whoila  which  totm.  an  elevated  spire,  and  a  omnfaiatiTely  low  body  whorL 
BnlMtyooJe  wluMds  not  oheafvwL 

de  spire  is  composed  of  not  less  than  eight  rotmded  whorls  very  crradually 
itMraaaiiig  in  height,  which  are  separated  by  a  deep  suture  and  form  a  high  spire. 
Tba  nmaiUMitatina  eonaiila  o(  eqokUataat  longitudinal  riba,  wUoh  aia  faOiflr  ahaip 
•itiieeavlierwhoirii^lnifcbeooiiiBinoK  rounded  afterwards;  the  riha  and  interatloea 

are  covered  with  mimerous  fine  reyolving  keels,  which,  when  crossing  the  rihs, 
swell  up  to  flat  nodules ;  the  varices  are  rather  thioki  and  there  are  about  three  to 
one  Tofattion. 

The  hodj  wborl  appears  rather  short  in  comparison  with  the  elevated  spire  * 
nevertheleas  it  forms  about  half  of  the  total  hci^'ht ;  it  is  strongly  inflated,  attenuated 
and  truncated  anteriorly.  The  ornamentation  is  the  same  as  on  the  spire  whorls, 
tntf  tkit  it  tMOOUMa  atamgw,  ud  dial  *  inar  fine  appeaia  in  the  intewtiaw 
Iwtween  the  stronger  keels. 

The  aperture  is  rather  small,  obliquely  oval ;  the  outer  lip  sharp,  rused,  exter- 
nally covered  with  the  revolving  keels  and  lines,  internally  coarsely  plicate ;  inner 
lip  ihiai  oofoiing  tiie  abort  oolnuellai  no  poatariar  eanal  s  antador  aanal  Tsry  dMttt. 
tant  upwards. 

Geological  occurrence. — 

Zone  of  Area  theobaldi,  Kama. 

Jtemarikt.— The  elongated  shell  with  its  high  spire  and  the  strong  longitudinal 
lilMMniUy  diltiagirfibthia  apeeiaa  fimm  TrUmpmrdaUt. 

No  similar  species  has  been  descrihod  from  either  Java,  Sumatra  or  "Wrstcrn 
India*  nuther  can  I  find  any  relative  among  (he  fauna  at  present  inhabiting  the 
Indian  Ooaan. 


TinoH  xnaoomnnnn^  apao.  nor.,  PI.  ZX,  fig.  4^  anl. 


MtASunams. 

H«igbt      .      •      «      •  WOas. 

WidUiMroMtlaaftttaM    .  IM  « 

Aplekl  ingle  .        ,  4V 
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On  tlie  ofher  hand,  it  bears  the  greatest  relationship  to  Triloneolubrinm,  Lmk., 
from  the  Eoct-ne  of  Paris.  Shape  aad  oruamentatioa  agree  so  well  that  it  seems 
dUBonlt  to  diieover  ray  ditereiraes.  The  only  differenoe  whioh  I  ora  diwof«r 
oODfiists  in  the  omamentation  of  the  body  whorl ;  in  Triton  neacolubriniu  tho  Ioagi> 
tadinal  ribe  extend  all  over  the  surface,  right  up  to  the  end  of  the  canal,  while  in 
Triton  eolubrimut  they  are  restricted  to  the  j^ostorior  part  of  the  surface,  aud  the 
uterior  pait  b  fne  of  them. 

Triton  nraci)lulnnn>s  represents,  thprefore,  an  archaic  type,  havin£^  its  nparpst 
relative  in  the  Eooeae,  and  has  disappeared  in  the  preaent  faaoa  of  the  Indian 
Ooeu. 

Genus:  PERSONA,  Montfort. 

Though  only  a  single  specimen  has  come  under  examination,  tlie  distorted  spire 
ill  «oniieeCion  wiQi  the  Tarioes  proves  unqnestoiiably  the  generic  posiiioo,  though 
the  aperture  apparently  differs  considerably  {ram  tlWit  o(  the  living  Penona  «mim. 

So  far  as  I  can  say  Per»ona  gattfama  represents  unquestionnhly  an  extinot 
type  which  has  neither  any  fossil  nor  living  relatives,  the  ancestors  of  which  will 
auMt  pvohaU J  be  foond  among  the  fanna  of  ^  Indiaa  Booene. 


PiMOVA  umcuu,  apao.  dot^  FL  XX,  figs.  6,  o-«,  7. 7«. 

MBAsirnsMBXTS. 

Hei^hl      .  36  mm.  frfHaJw^yX 
Widtk       .  IB  „ 

The  eloBgato  iheU,  whieb  la  (rf  a  aaaall  dM^  izUMti  a  peenliar  diatorted 
appenraiioe;  ifcia  oonqKMod  of  »  nthor  h%h  tpiro  and  a  modeiatdy  high  body 

whorl. 

Embryonio  wb«)i  not  observed. 

Onily  three  spire  whorls  are  preserved,  but  there  were  unquestionably  more, 
perhaps  not  leas  than  six;  the  whorls  an^  ronndod,  increasini^  slowly  in  hoin;l)t  and 
growing  in  a  peculiarly  irregular  wayi  a  curious  distorted  spiro  is  produced  instead 
of  the  NgnhNT  tM,  oiMflmd  in  odier  gaatropoda.  The  aotoie  it  veil  mMrked,  ir- 
legnlariy  undulating.  The  omamentatioa  consists  of  strong^  rounded  kngitadinal 
rihs,  which  oan  hardly  be  distinguished  from  the  old  varices ;  the  ribs  aro  separatinl 
by  broad  oonoaTe  interstices.  The  whole  surface  is  covered  with  numerous,  line 
verolTing  keela.  lepBfaied  Iqr  father  toiad  intendoea. 

The  body  whofl  whieh  ocoupies  about  half  of  the  total  heisjht  is  posteriorly 
inflated,  contracted  and  somewhat  truncated  in  front.  Its  chief  feature  is  the 
ounoua  mode  of  growth  by  expanding  in  height  towards  the  aperture,  thus  en- 
velofiDg  at  laaat  half  of  penultimate  wborl.  The  oraaaeiilatioB  nndergoes  alao 
a  change;  the  longitudinal  ribs  becomtj  morn  compressed,  at  the  same  time  they 
are  raised  into  short  spines.  The  revolving  ornamentation  remains  the  same  as  on 
the  spire  whorls.  The  aperture  is  elongate ;  broad  at  the  poflterior  end,  tapering 
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ia  anterior  direction;  the  outer  lip  is  thick,  strongly  crenulated;  the  inner  lip 
rather  tbick  but  well  set  oS  from  the  columella.  Posterior  canal  abort,  slit-likeei 
anterior  canal  olongate,  recurred  and  ascending,  slightly  expanded  at  the  anterior 
«mL 

OuitiM  oeomrrence  — 

Zone  of  Ar«m  theobtUdi,  Kama. 
Se»ork§^li>9  etmooa  dirtortad  ah^  nadily  dirtingnUietl  Ihu  ipsdei  f Mm 
all  the  others. 

I  Lave  not  hoan  nh]c.  to  difcovcr  any  relntire^  living  OF  f0ll0»  ol  tUs  ^MUia 
vhich  most  piobablj  represents  an  extinct  type. 

Genas :  RANELLA,  Lamarck. 

Two  species,  Banella  prototubereultrit  and  Ttnnella  elegaiUt  hare  ooma  imder 
examination  which  can  be  easily  distinguished  as  follows 

A.  9M\  uaMt  waAna  eovsnd  with  auMnM*  umblk  iffdrii^  Inwb. 

1 .  Baatlla  prvMubtmlatit,  tpce.  nov. 
fi.  Slull  large;  snrfaoe  b«Ming  a  row  of  ttnng  spinM. 
S.  JtmMc  «kfmut  Bcok. 
Though  a  noat  oatafol  examlaatioa  fdlad  to  dbaofw  anj  dtfleMDOM  beAwom 
the  living  Banella  nh'jans  and  its  fossil  reprcsiontative,  it  is  unqaestionahio  that 
Ranella  pnHotubercularU,  though  bearing  the  greatest  similarity  to  the  living 
banella  fajgrwrfarij,  represeuis  tbu  permanont  neanio  stage  of  that  speoiai. 


Surauia  nonvoBBKOUUAii,  apeo.  nm^  PL  Z3^  ilga.  %  ••d,  9, 

tM9).  JWMtfe !»« im, A'Awhuw  noj  Haiiu.  Dmm  te  Aw taa da Oiaeia  Vosh  U  Viatu,  m.  m, 
||LXZX,lg.a 

MIMMKI-  MmdU  rminUiH  UnV^  nilMr.MfJmUlr.ft  CM.  OiL  4tes  aalAHlidifi^Iil 

BtlKkt  .  Sl-S  (■nwniaMMr)' 

wjdtk    .    .  m  . 

The  shell  is  of  small  size,  sub-elongate  in  shape,  oompobed     taioie  Ubim 
whmla,  which  form  an  elevated  spire  and  a  large  body  whorl. 
Embiyonio  whorla  not  observed. 

A»  iiio -apex  ia  luokai  oft,<heenttnimbw(ff  ChaapMwfiodiMaM  holbo 
aaecrtaiaed,  but  there  were  cectlli^y  more  than  Qre ;  the  whorls  are  rounded  and 
iepaxated  by  a  deep  suture,  fomiag  an  elevated  spire  which  ooonpies  about  half  of 
tha  totel  hflight.  Xha  araamentation  oonabta  of  fhrae  vdl  rafisS  rdaUdM  M« 
Tolving  koala,  IToa.  S  and  3  of  which  aie  aepaialed  by  a  wider  interstioe  Ukaik 
Nos.  1  and  2,  the  latter  being  slightly  stronn:er  fltnn  the  others  ;  the  interstices  are 
ooci^d  by  onet  sometimes  two^  filiform  revolving  lines,  the  revolving  koels  axQ 
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onwNd  bj  flUfoim  loogitadiad  libt  wUoh  at  tlie  pdnt  of  inteneetton  tie  nitad 

into  granular  tubercules.  There  are  two  va-i(!e'?,  opposite  eacK  other,  on  eaoh 
whorl,  which  form  a  straight  lioe,  but  someumes  the  variz  of  the  younger 
whorl  i»  slightly  ia  boat  of  thft  of  the  pieceiiug  oae.  The  Ttrioea  are  rounded 
md  fba  mt  olTinir  ^aab  papa  orvr  flisDi,  bfling  aliglifly  thiolEeiied  aft  tiho  fldga, 

Tlif  bo  iy  whorl  is  large,  iufliited,  slightly  oblique,  tapering  in  anteriQf  diM^ 
tion,  aod  occupies  at  least  half  of  the  (pti^  hei^'ht.  'L'he  omamontation  is  the  same 
%s  that  of  the  spire  whorls,  Na  I  keel  beiqg  particularly  strongly  developed ;  ia 
tRHit  of  No.  1  there  are  about  nine  revolring  keels,  gradually  deoreaaing 
stroni^th  in  anterior  directioa,  finer  filifarm  keels  are  visible  in  the  interstices  ;  the 
loDgitudinal  ribs  have  b43Come  much  stronger,  while  the  tubercules  at  the  point 
of  intaneetion  aie  lesa  disttnot.  The  last  varix  is  high  and  tUefc,  aod  CKMsed  hf 
the  lOfOlTing  keels,  which  apparently  extend  on  the  exterml  tUo  of  the  outer  lip. 
The  aperture  ia  lungitudinal  in  shapi^,  rather  small  and  narrow ;  the  outer  lip  is 
•harp,  raised,  inner  lip  not  seen  ;  the  columella  is  shprt,  corcrod  with  fine  spiral 
atrial,  anfcnor  e^nal  short,  sUgbtlj  hent  vpumida. 

ZIone  of  CanceUarltt  martvi'Kina,'\\\\\h\\. 

Zone  of  Faraeyathut  oaeruleui,  Yenaagyat. 

Zone  of  Aroa  titeiatdi,  Kama. 

ZoM  of  Pmrmttd^fipedtm  fM«<«tef iHaswo*  Koina. 
Semarkt. — Tliis  species  varies  a  good  deal  in  the  arrangement  of  the  varices,  and 
the  development  of  the  ornamentatioa.  In  some  specimens  the  lont^itudinal  ribs 
attain  already  a  great  thioknaw  on  the  penultimate  whorl,  and  the  peculiar  tubei^ 
oolated  sqaaiM  of  the  earlier  sfnre  vhoria  hare  entirelj  disappeaied  j  the  lOTolviay 
koels  may  become  rather  broad  and  flat,  while  at  the  name  timn  tho  filiform  lines 
in  the  inner  interstices  gain  in  strength  and  form  regular  keels,  particularly  on  tha 
edge  of  the  last  variz  of  the  body  whwi. 

It  doea  not  seem  doubtful  that  the  speeies  under  deaoription  ia  identioal  with 
lleMtt.  d'Arcbiac  and  Ilaime's  Baaetla  viperina,  though  on  comparison  of  the 
figoreik  differenoee  seem  to  exist.  Messrs.  d'Aruhioo  and  Uaime's  figure  shows  a 
apeoimem  with  delioate  longitudinal  ribs,  even  on  the  body  whoil,  while  the  le* 
▼biTing  ribs  are  of  uniform  strength  ami  do  net  exhibit  that  peculiar  difference 
of  itaength  by  which  No.  2  keel  is  much  stronsor  than  the  others,  and  which 
ia  a  oharaoteristio  feature  of  the  species  examined  by  me.  The  intermediate 
liflM  .eeem  alao  to  be  less  oonipioiioiuly  developed,  aa  not  eren  a  taaoe  is  shown 
in  the  figure.  As  the  description  is  also  silent  on  this  point,  I  am  nnable  to  form 
any  definite  opinion,  though,  as  it  is  already  stated,  it  is  ytgf  piobabla  that 
RaneUa  viperina  is  identical  with  Manella  prototuberoularit. 

SamMa  jungluAiii,  K.  ICartln,  from  Java  is  another  spedes  which  appears  to 
be,  if  not  identical,  Teiy  oloeely  related  to  Bmu^  prototuhercularttt  and  in  my 
iomer  mamoif  I  expneead  aa  oj^nion  as  to  their  idontity.  On  okNar  eaMnioafon 
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I  think,  howwrer,  to  discovar  oertain  diffefenoM  whidi  I  oannot  allov  to  Im  over- 

looked;  lianella  juughuh'ii  has  a  larsfer  number  of  reroWing  ke«ls  on  the  spire 
whorls,  at  least  fig.  2b  shows  6,  while  in  JSionella  prototuber9iilori$  constantly  8, 
in  very  tern  instanoes  4,  are  to  be  sean.^  The  longitudinal  ribi  aeem  never  to 
attain  tlia  itnngth  ot  thoM  of  SmiMtifrol9hiieretiUMri$»  and  ao  traeo  of  th«  fine 

intermediate  lines  is  indicat'^d  in  the  figure  of  Eanella  junghuhni. 

As  already  stated  Scmella  ftototmberoulari*  ia  aubjeet  to  a  considorable 
variation  with  legaxd  to  tlie  atrengtb  of  ita  anaaMbtatlon,  and  it  may  be  that 
the  differenoes  which  seem  to  exist  between  this  apeoiea  and  Ranella  junghuhni 
should  not  be  considered  more  than  a  local  variation.  The  question  can  only  be 
decided  by  a  oomparisoa  of  both  species,  and  for  the  present  I  think  it  better  not 
to  identify  the  two  apeoiea. 

The  same  argument  applies  thereforo  also  to  hanella  raninoide;  which 
Professor  Martin  him»olf  considers  to  be  different  from  lianeUa  junrjhuhni,  thou<rh 
the  differeooe  is  so  blight  tliat  it  fully  cornea  within  the  compass  (>{  individual 
or  looal  variation.  Aocofding  to  Martin  only  tho  mora  ngvlar  lattioe>like 
ornamentation  distinguishes  Sanella  junghuhni,  a  feature  on  which  I  would  not 
put  too  muoh  stress,  because,  as  I  have  pointed  out  above,  the  ornamentation  of 
Jtanella  prololubereularit  is  subject  to  a  good  deal  of  Taiiation,  and  the  same  may 
alao  be  the  oaaa  with  2a««Ifa  immglmluA. 

Having  compared  tho  fcmW  spooimons  with  the  living  Ranella  tahcrclarit, 
I  can  state  with  oertoioty  that  there  is  no  diiterence  with  regard  to  the  deciding 
apeoific  featorea,  yet  the  living  iqpceaantatiTe  eddhita  oertain  eharaotera  whtoh 
have  not  been  ohaerred  in  the  foaail  apedmena.  The  living  Banella  tuberculari$ 
attains  unquestionably  a  larger  size,  the  siae  of  the  foesil  one  bciiiir  ahnut  that 
of  the  former,  if  the  body  whorl  were  removed.  Iliere  ia,  however,  anotlier  re- 
Harkable  faatnra  with  fegaid  to  the  onamentation,  the  earlier  spire  whorla  *  abow 
enotly  the  same  ornamentation  aa  deeeribed  in  the  fossil  specimens,  but  the 
number  of  the  longitudinal  ribs  becomes  suddenly  reduced  to  two  witli  the  com- 
pletion of  tlie  penultimate  whorl,  and  the  same  feature  continues  on  the  body 
wborl. 

The  living  Banella  tuberoularii  ia  therefon  in  ita  neanic  stage  exactly  like 
the  foesil  lianella  tuberculant,  but  develops  new  specific  features  in  the  brophic 
atage.  Under  these  ciroumittaaoes  I  think  it  better  to  distinguish  the  fossil 
qieeimena  by  a  new  name,  though  it  oanaot  bo  ooaaidend  setting  dee  bet  the 

permanent  neanic  stage  of  Ranella  tubereularit. 

The  above  considerations  give  rise  to  a  question  of  priority  in  nomenclature; 
if  the  speoiea  under  desoriptioo  would  be  identical  with  Eanella  vipet  ina,  d' Arckiao 
and  HaittM,  thia  name  ought  to  be  given  to  It,  aoontding  to  fbe  nilra  of  priority, 

and  if  it  WHS  not  identical  with  tbia  species  but  with  either  Banella  junghuhni  or 
JRunella  raninoid'is,  the  uame  would  upply  to  these  species,  yet  I  think  these  names 

■  Thr  tame  feitnre,  trtt ,  !hr««  ifTolring  keel,,  ia  oba^rTrd  on  ths  •pir«  whorl,  of  th«  li*i|lg  Bamtlla  tubemlarU- 
'  Th«re  »i«  thrn  iwrfcctl;  tmoulh  »m\>rymi'u:  wlioiln,  atractrlj  iDdMad  tad  fnieklj  iMMMiBe  in  bei«bt ;  til* 

fmmmUlioii  Mamraew  niUi  «fa«  foutb  «b«rl,  aid  klnoat  H  uaat  ikcm  ilt  <liSM«lnfatl»  frat<|iit;  th«  lift 

^Mi^l^ylW^wt^fr^TlhyM^I^Pil^i»^l»lWlp^^^^■«^t^^l^»^■^■^p^^^ 
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■light  giTe  mj  to  one  whioh  better  ezpreMS  the  relationship  of  the  BpeoiM  under 

examination.  It  is  almost  a  mitter  of  personal  opinion  whether  the  species  here 
described  should  be  called  RaneUa  tubereularit  or  Banella  prototubereularitf 
fgrtleabily  m  ft  hat  not  been  proved  yet  thftt  no  ipeoimens  ooour  together  wiili 
those  representing  the  neanio  stage,  which  exhibit  the  features  of  a  full  grown 
Banelta  tubercularU.  The  possibility  that  I  bad  only  adoleacent  specimens  under 
examination  cannot  be  denied,  yet  it  does  not  seem  very  probable  to  me,  and  I 
feefar  to  regard  AhmN*  prot«Merotdari$  ta  dM  peroiuient  neuio  efaige  oC 
Scmella  tubereularit.  Aa  under  these  circumstances  Banella  protolubcrculari*  can 
only  be  considered  to  represmt  an  evolutionary  stage  of  Ranelln  tuh'U-culari$, 
the  question  might  well  be  aaked,  iti  it  advisable  to  diatioguisb  it  by  a  new  name. 
This  ii,  aa  already  aaid,  a  matter  oC  personal  i»pittiott,  It  akeold  be  beU  that  tbe 
Miocene  ancestor  of  a  living  opccies,  wliich  is  wproientBd  by  the  hrephic  stage  of 
that  species,  ought  to  be  distin^isbed  under  a  spedal  nBUe^  as  I  do,  the  speciSo 
name  " prototubereularit "  is  Cully  justified  ;  if  thia  flew  is  not  shared,  the  specific 
mme  **ttAereiit9rU**  must  nainially  sopetaeda  all  the  other  namei,  alwaya 
provided  that  these  species  arc  idenHoal  witli  the  one  here  described. 

As  ahceady  stated,  i  bold  the  former  view,  yet  I  would  consider  it  absurd  to  call 
the  Manio  stage  of  a  certain  special  "  ptp«fiMi  **  and  the  epbibie  stage  of  that 
aame  species  "totmafarfa".  a  logical  oonsequenoe  if  the  rule  of  priority  were 
strictly  upheld.  Supposing  wc  had  a  large  number  of  specimens  of  Jtanella  tuber' 
cularU  iu  all  stsges  of  age,  would  it  not  be  considered  as  absurd  to  distinguish 
thoae  representing  flie  neanio  etage  under  an  absolutely  different  specific  aame^ 
though  it  may  perhaps  he  permitted  to  oonsider  tncso  sane  apecimens  under  a  naoM 
which  indicates  the  close  relationship  with  the  full-grown  species,  when  such  types 
ooour  in  a  geologicaUy  older  formation.  I  tliink  for  these  reasons  that  it  is  prefer- 
able to  adopt  tbe  ■peoifle]ianie**frralo<Mfl«rv«iafjt  **  erw  if  it  were  erentaallj  proved 
thftt  tiur  apeciei  ia  idantioal  with  jtoMtta  «^prrtN«,  d'Arehiao  and  Haimek 

tikxnxk  iLTftuta,  Bedk,  FL  XX,  8g.  10, 

ISit   £«M(l««{rf«M.  liM«%  MoMvnph  of  ti>«  O^DOi  BatlU.  pi.  7. 
U9S.       „        „  MtMhTtMkt.tniitn.^ii.fLJi.Bg.i, 

MuBirsnurES. 

Heifrbt    .        35  nm. 

The  ovate  shell  is  of  moderate  a\te  composed  of  more  than  seven  whoda 
focmiog  an  accuminate  spire,  and  a  large  anteriorly  attenuated  body  whorL 
Embryonic  whorls  not  observed. 

Tbe  elevated  and  aceominated  spire  eooaiilB  of  rix  wborle,  gmdnalty  {ncNarii^ 

in  height  and  separated  by  a  deep  suture  ;  tbe  earlier  whorls  appear  to  he  rounded, 
hut  the  later  ones  become  angular,  sloping  from  a  revolving  keel  in  anterior  and 
posterior  direction.  The  ornamentation  consists  of  numeioui  fine  granulated 
(ev<dvinff  keda,  one  of  wUek  beeoniag  very  mmmi  atrmgct  than  the  othen,  ii  eom- 
poeedoC  itnwg,  printed  eplnea;  every  half  volutfau  a  itno|b  sharply  laiKd  s^aoni 
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Tavix  is  fonned,  jbittiBg  thoso  of  the  preceding  ond  succocding  wborh,  so  that  a 
coatinuous  varix  runs  on  iLo  outer  ?ido,  from  the  apex  to  end  of  tbo  posterior  canal, 
and  exactly  opposite  to  it  oq  the  muer  side,  another  one  runs  from  the  apex  to  ths 
ptwtoiibr  «nd  of  tiM  mgaeban.  The  inflated  boAj  whwl  fa  nthar  burg^  ocoupiiiig 
aum  than  bait  of  the  total  length,  and  exhibita  the  aaaia  omameiktitian  aa  the 
apfaae  wbovk. 

The  apertiuro  ia  not  well  seea  as  it  is  apparently  damaged ;  the  outer  lip  was 
feohaUy  ttda,  theinner  Up  tbiekf  oouiiletely  eovotiag the  OQlnmeUft }  anteihw  eaaal 
•hart. 

Qtotogical  ooeurrenee.—' 

Zone  of  Parallelipiptdtm  prototortuo$umi  Kama. 
Zone  <A  Jrtela  hummnMOt  Thajotmyo. 
Zone  of  Ojfderta  eryeina,  Prome. 

Bemarki, — ^The  beat  preaerved  specimen  is  unfortunately  somevbat  rolled,  so 
that  the  finer  omamentatioiL  baa  bMome  efTaoed,  but  there  are  still  some  traoea 
left;  aaoiber  apeetmeo  fBOoa  the  aooe  Optkerem  aryeiaa'Bhowa  diitiiictly  the 
finer  gramilatpJ  koels,  though  otherwise  it  is  ie«s  well  prcsorred  than  the  former. 

The  shape,  the  character  of  the  oruamentation  prove  that  the  specimen  under 
examiaatioii  io  uuqtuationably  idetttioal  with  Smmelta  tiegam,  K,  Martin.  I  hare 
farther  bean  able  to  compare  it  with  the  living  Banelta  elegami,  Beok,  bmn  the  Indian 
Ocean,  hut  though  the  livini:  speeiiuen  is  somewhat  larger,  ita;^reos  in  all  principal 
ohaiaoters  with  the  fossil  species.  The  shape  of  the  shell  is  exactly  the  same ; 
the  apioal  angle  meaaVMe  OE^in  the  foosil,  68^  in  the  living  specimen,  a  difference 
which  can  certainly  be  disregarded.  Still  more  important  is  the  similarify  of  the 
ratio  between  the  total  height  and  the  height  of  the  spire  ;  ia  the  fossil  species  this 
ratio  is  0'30.  in  the  living  one  0*29,  as  the  oruamentation  is  also  exactly  the  same, 
ilfflra  ean  be  no  doobt  of  the  identity  of  the  fosaQ  specimen  with  Stmettn  OegaoB, 
Beok,  from  the  Indian  Ocean. 

Banella  morrisi,  d'Ar(?liiac  and  Ilairao,  exhibits  a  certain  similarity  with 
BtuuUa  elega»»t  and  it  is  perhaps  probable  that  both  speoies  are  identical,  a  view 
whiob  oan*  hoireTar,  only  be  prored  after  the  type  of  HeaWla  motritt  baa  boan 
onDunedf  aa  flgoiia  and  doMiripticni  of  that  apeoiea  are  equaUy  defeetire. 

8.  BHAOHISLOSSA.  TnmAktL 
TassdSj  i  BVOOnriDJtt  Adams. 

Genus  :  EBURNA,  Lamarck. 

Ebtona  pkoiozexlamoa,  npco.  noT.,  Fl.  XX,  figs.  11, 

MsAiiUKdtisim. 

Haigiit     .      ,  10 
Width     .       .     U«  . 

The  shell  is  of  moderate  size,  elongated  boooinifonn,  eompeaed  of  non  than 
lix  urbnrii,  f ocmiog  an  etongated  apira  and  a  laigie  body  wfaorL 


I 


Digitized  by  Google 


f  AUNA  Of  THE  MIOCENE  BEDS  OF  BUfiitA. 


811 


Embfyonic  wborls  not  obMtfed. 

The  spire,  which  occupies  slightly  over  one-third  of  the  total  height,  is  cooapowd 
of  not  leas  than  fire  inflated  smooth  whorls  separated  by  a  very  deep  suture. 

The  liodj  whxxA  rapidly  inecMiMs  in  beiglit  md  tam»  aboot  twoHbiids  «f  tba 
total  height ;  it  XB  moderately  inflated,  and  perfectly  smooth,  like  the  spire  whorls, 
except  numerous  tine  longitudinal  striae  of  growth  which  become  here  a  little  more 
viiiUe.  The  aperture  could  not  be  well  obeerred  bflcanie  ihe  oater  lip  is  broken 
fltf ;  it  teem  tint  it  ww  ekngmtBd  rather  large;  there  it  a  4BitiDat»  tkiNigh  lathet 
narrow  posterior  flaaal  and  a  slmrt  broad  anterior  oiio.  The  inner  l-p  ia  rather 
thick  at  the  posterior  part,  thin  and  cutting  anteriorly ;  the  umhilicus  i.s  largo  and 
llMMid,  jmiteriorly  lined  by  a  broad  and  flat  band,  vhieb  i»  well  let  oB  against  the 
other  part  of  the  shell  by  a  aharply  engraved  line.  A  iharp  and  well  raiaed  ipiial 
fold  runa  np  the  umbilicus. 

Geological  occurrence. — 

Zone  of  FaraUelipip«dnm  protolortuo$um,  Kama. 
Zone  of  O|^il«r0e  erfdHOi  ftome. 

JB«HMfia,i— Martin  deuribes  three  apeoiei  from  Jatat  fionk  alt  of  whidi  Starnm 
prOfeteiflamca  is  easily  distinguished;  Dtptaccvt  ranaliculatut  and  T>ip$accui 
pangkaSfiatt  bare  a  much  shorter  thickly  set  shell,  particularly  a  much  shorter 
spire ;  Diptacctu  graoUU  appeal*  to  he  *t!U  more  elongafted  than  Fbt$nia  proto* 
ttjfUmiM,  so  that  irlth  ngaid  to  the  shape  of  the  dieU  thla  species  would  be 
intermediate  between  Dipaaceua  pangkaintU  and  Dip»aceu»  graci  ii,  but  rather 
nearer  the  former  than  the  latter.  In  fact  Dip$aeOM  pangkaiMig  seems  to  be  very 
cloctdy  related  to  Shtma  protogggtomiea  partieolar^  aa  the  oharaote^  of  ite 
aperture  and  the  umbilicus  seem  almost  the  same,  the  only  diiFerenco  exists  wiCh 
regard  to  the  umbilical  plait.  Martin  states  that  it  is  subdirided  by  a  deep  furrow  ; 
no  trace  of  such  a  furrow  is  seen  on  Eburna  jprototeylaaiea,  where  it  appears  to 
be  perfectly  amooth.  On  the  otiier  ]iand»  fi  tenet  be  remarked  that  Hie 
specimen  under  examination  is  unquestionably  ■omeMrbat  tolled  and  the  finer 
structural  features  of  the  umbilical  plait  may  therefore  have  become  efTaeed. 
Among  the  living  species  Muma  te/lanica,  Lmk.,  agrees  so  well  with  this  species 
in  the  general  elongated  shape  of  the  sh«U»  the  iion'oaaallwilated  aiitnrea  aftd  the 
oliaHwAers  of  the  aperture  and  the  umbilicus,  that  1  have  not  the  sli<;bte<;t  doubt  that 
Stmn»  tetflanioa  is  the  direct  descendant  of  Eb«ma  proioeeylanica,  from  which 
ft  ia  only  distinguished  by  a  larger  shell  attaining  about  2^  times  the  size  of  ita 
ioarfl  aneeitor. 

lamilys  rmWM,  Trym 

Genus:  FUSUS,  Lamarck, 

The  genus  Fu»u$  which  in  other  Tertiary  beds  is  generally  represented  by  a 
tmw^yy  of  Bpeaee  baa  yielded  only  two  speoiefi*  one  of  which  may  even  be 
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oonaidered  somewhat  doubtful  with  xegard  to  its  specific  determioation.   The  two 
gpeiMi  en  be  diitingublMd  n  fdlowa 

A>  Slltin  small,  kperture  not  aqnW. 

3.  SbeU  laig«^  >p«rtu«  eifiiidBd. 

S.  HiatwrtttU,^  liwtia. 

No  liTing  Telatlve  of  either  species  could  be  discovered  amonw  t1ie  fauna  of  the 
Indlin  Ocean,  and  both  seem  to  represent  extinot  types  ;  on  the  other  hand,  Fu»tt» 
temintKiut  has  apparently  a  very  oloie  NlatiTe  in  Fmtiu  conjunetu*,  Besh.,  from 
fhe  FferiiBoeeBB,  while  iWnt  wrAMiK,  K.  Uartin,  leems  to  be  en  indigenoiie  type 
iriiieh  heeUtheitoeoly  been  knowA  foom  the  IfioGene  of  Jtm  end  Bnmuu 

W»m  ammmn,  ipeo.  nor.*  PI.  XZ,  Hgi.  IS.  thi»  1^  e^ft. 

UH.  JRhm  (ObMffa)  ijatifoeartn.  NoHliii;.  MT«e(M  ta.  VpfW  Bim%  llM.4lMlgf.  Bamrtl 
Mb,  18M,  VdU  XXTII,  p.  S3,  pi.  Til,      1.  ^  9,  7*. 

Hummnms. 

H^i|(bt         •    30  torn. 

The  shell  is  of  moderate  sise,  sub-fusiform  and  composed  of  at  least  seven 
whorls,  forming  a  high  acouminate  spire  andaleige  entetiorly  oontraoted  body  whorl. 
Embryonic  wboris  not  obserred. 

The  ^re  oonaiite  of  at  least  eix  flat  wImeIb,  leiber  qniekly  IneNesinf  in  height, 

separated  by  a  sharp  undulating  suture.  On  the  earlier  whorls  thick  rounded 
longitudinal  ribs,  of  which  there  are  fire  to  one  Tolution,  separated  by  broad  in- 
terstices,  are  distinctly  visible ;  tbeso  ribs  become  flatter  and  mora  indiitinot  on  the 
later  whorls,  and  on  tbe  pennltbnate  whwl  they  axe  jnst  tmceable  by  the  slight 
undulation  of  the  surface.  Tiiey  are  crossed  by  numoroua  revolvin;?  keels,  separated 
by  linear  interatioes,  rather  raised  on  tbe  earlier,  but  fiat  on  the  later  whorls  ;  on  tbe 
pennltimate  wfaori  they  aie  lepiesented  by  flat  baade  of  Tarying  breadth,  sepatated 
by  deeply  engraved  linear  interstices. 

The  body  whorl  is  rather  high  and  occupies  more  than  half  of  the  total  length, 
posteriorly  it  ia  broadly  inflated,  and  suddenly  contrasting,  it  terminates  in  a  long 
anterior  eenal.  The  longitodinal  ribe  hare  entinly  disappeared  and  the  snrfaoeis 
perfectly  free  of  them ;  there  are,  however,  two  seta  etnrolTing  ornaments  separated 
by  a  bro.ad,  perfectly  smooth  band ;  the  posterior  group  consists  of  about  eight  to 
nine  ilac  iteels  of  varying  breadth,  separated  by  sharply  engraved  linear  interstices; 
thiegfoapeoENqpettditothenvelTinglEeelewenointheepirewfaorbs  the  anterior 
group  which  is  limited  to  the  contracted  portion  consists  of  nameions  ekeelj  set 
flat,  rounded  keels  of  unequal  strength,  separated  by  linear  interstices. 

Tbe  aperture  is  rather  small,  elongated,  and  terminates  in  a  short  posterior,  and 
a  long  and  nanow  anterior  canali  enter  Hp  sharpy  hat  thidc;  inner  lip  thiek» 
oorering  the  eoInmeUa. 
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Zone  of  OoMflllarlt*  flMr/ArfwiOi  Mbbn. 

Zone  of  ParMfathm  caeruleus,  Yenangyat. 
£emarlu.—la  nj  first  memoir  I  ideatifled  tbU  species  with  Pu$io  djoodjo' 
mrtatt  K*  Mwrtfai,  but  I  tUnk  it  ptefomble  to  distbgultb  It  vnderm  fepBrate  name. 
There  is  no  doobt  that  this  spaoies  is  closely  related  to  Ftuu$  leminudut, 

but  as  the  typo  is  represented  by  a  rather  frrigm(intary  specimea  of  very  indifferent 
character,  1  tliiuk  it  better  to  separate  the  species  from  Burma  under  a  different 
name.' 

Fusug  fminudui  has  apparently  no  living  retatiTei  among  the  fauna  of  the 
Indian  Ocean,  and  probably  represents  an  extinct  type.  Fu»u*  conjunct  us,  l)t  s.,  f  rom 
the  Booene  of  Paris  appears  to  be  a  near  relaUve,  hariag  apparently  the  same 
onmmentatioii  of  the  aplie  w]iorl%  but  tbii  apeoiee  iinqiieationab)^  differs  bj  a 
htgK  die  and  a  mobh  longer  oaoaL 

Funis  TiKMcaci,  Martin,  Fl.  XZ,  flga.  14^  15. 

Vn-m,  mrtmtat  fft/lMt.  K.  HtMm,  TwWr.  mat  Jtn,f.  JO.  |l.  II,      »  >fc 

IMS.  JW  (CfaMlfa)  mtSmK,  K.  MatOn,  Dto  tarn,  w         ».  BC^  gL  ZII.  6iEi.  VMOt, 

The  only  two  spooimens  which  have  oomo  under  examination  are  rather  frag- 
mentary ;  correct  measurements  could  not  be  tuken,  but  it  seems  that  the  shell  at* 
tained  a  oonalderable  iSaa,  one  ^edmen  meaniring  about  88  mm.  in  lengtbt  the 
oCher  25  mm.  in  ividth. 

The  shell  is  apparently  fusiform  in  shape  bein»  composed  of  a  rather  short 
turreted  spire  and  a  large  body  whorl,  strongly  contraoted  io  anterior  direction. 

Embryonio  vborla  not  obaamd. 

Only  three  flat  spire  whorls,  which  are  separated  by  an  undulating  suture,  are 
preserved;  the  ornamentation  consists  of  broad,  but  low,  rounded  longitudinal 
hbs  which  become  weaker,  and  hare  perfectly  disappeared  on  the  penultimate 
wbod  s  tboM  libe  are  OMNted  by  line  flat  fevotWng  keels  eepnmted  by  intentioea  of 
Tarying  breadth ;  the  keela become  gradually  oiTaced  and  on  the  penultimata  whod 
only  a  few  close  to  the  posterior  suture  are  visible. 

Tba  body  whorl  ISTevy  large,  broad  and  inflated  posteriorly,  suddenly  oontractod 
and  tanninating  in  a  father  long  and  tluoik  eanaL  f  here  is  no  ornamentation 
OB  the  posterior  part,  except  numerous  fine  and  closely  set  strife  of  growth,  but  the 
anterior  part  is  from  the  point  of  contraction  oovered  with  low,  rounded  reTolTing 
keels  separated  by  linear  intentioea. 

Aperture  not  wall  obeerred  ;  it  is,  hoirorar,oertain  tbatthe  onter  lip  isratiieff 
frtfllc  and  the  posterior  end  broadly  ezpandfld. 

Geological  ooeurrenee^- 

Zone  of  ArMa  AMMfeeo,  Tbayetoiya 

Bemarki. — Though  the  specimens  which  I  examined  are  very  poorly  pret^ved, 
tbey  atill  exhibit  the  oharacteristie  shape  of  the  apertun^  with  its  thickened  and 
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broadlj  expanded  posterior  eod.  I  IiaTe»  iherafora^  no  doabt  Htui  H  It  Mentiatl  mith 
the  above-named  species  from  Jara. 

I  cannot  hdp  thinking  tbat  Strombiu  i^)f»»u»,  £.  Martip,  from  Jars  k  identinl 
«it]kjnMM«0rB00li»{lKnghFfofeaKir  Martin  does  not  totnXim.  IMt  ipecies  in  liis 

dMOCiption  of  the  laat-naiMd species ;  the  general  sbnpe  of  the  shell,  its  ornamontaticn, 
but  particularly  the  expanded  posterior  part  of  the  aperture  are  so  ezaoUy  alilce  in 
both  species,  that  it  would  beem  strange  if  two  species  whieh  eadnUt  indi  n  gnat 
similarit7  should  really  belong  to  differant  genem.  It  is  to-le  ngntted  that  Pio* 

fesaor  Martin  did  not  discuss  in  his  description  of  Futut  verhechi  tlie  strnn^o  s-imi- 
hirity  this  species  bears  to  his  SiiwnAwn  (r')/ii«ii*.  I  may  be  mistaken  in  my  riew, 
but  if  so  the  ooinoidenoe  iii  tb«  shape  of  Bunt*  vaOtcMwA^nmbm  (?}/tMi«  would 
be  very  strange^ 

Genus :  VASCIOLAAIA,  Lamudc. 

FAsaoLAElA  NOUCLOSA,  J.  de  Csrie  Sowerby,  spec.,  PI.  iX,  figs.  16,  17,  17  o; 

7LZXI,  ilg.l,a4. 

ZXni.  ^  34.  pi.  VIII.  Cg».  Irto 

MauomtMBiiTi. 

The  sheU  is  of  modenie  die,  fiiailaiin  in  shape  and  oogifvped  ot  ft  148^  «M«d 

spire  and  a  large  anteriorly  contracted  body  vhod. 

Embryonic  "whorls  not  observed. 

There  are  only  four  spire  whorls  preserved,  but  theee  weee  probably  nqt  ]e6» 
than  six;  tliB  ifhorie,  whieh  aee lather  Toatiieeee,  IneieMO  ^aieUf  in  heigfat^ndiaiDe 

separated  by  a  atronf?  undulating  suture.  The  ornamentation  consists  of  abon^iic 
to  eight  thick,  rounded,  longitudinal  ribe,  aeparated  by  broad  concave  int«ratie<e. 
The  whole  surface  ia  covered  with  moderately  strong  revolving  heela,  separated  by  • 
inteMtfaMB  of  about theifom  bieadth;  on  the  anterior  pert  the  keels  are  Teiy 
ngular  and  equidistant ;  on  the  j)rat<'rior  part,  which  is  slightly  concave,  they  become 
mnewhnt  irregalar  and  are  separaled  by  broader  interatieee  in  which  /BomejUmfie 
a  fine  line  appears. 

The  body  wheilia  father  laige,  ite  poeteiiov  peit  ja  tUna^  ventrioose,  the 

antttior  one  suddenly  contracted,  forming  a  long  canal.  The  ornamentation  is  tlie 
Bamo  as  on  the  body  whorl,  except  tbat  in  some  specimws  the  longitudinal  r^be 
become  weaker  while  the  sfatke  of  growth  asB  more  propipwtf.  Hie  molrmg 
kedebeeomeakost«>nger,partioiilarlf  thMOOixthe  anMerpei^  Vhjph  »ra  nisad 

and  nbsolutoly  eranulose. 

Aperture  notwellaeen,  but  sppareotly  oval;  inner  Up  rather  thick,  well  set 
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off  agftinit  tiie  eolnmella  ;  there  nre  seyeral  columellar  plaits  whioh  ftra,1iow«VW, 

-KOt  very  well  seen,  though  then^  cnr\  lio  no  doobt  M  to  their  eiIuteiMM> 
Aatcrior  canal  jety  long  and  narrow. 

Zone  of  CcMuellaria  marHiUana,  Mimba. 

Zone  of  Paracyathuteaeruleut,  Tenangyat. 
Memarkt. — The  generic  position  of  this  species  is  proved  by  the  existence  of  the 
«olaiiiBllar  plaito  of  wfaioh  thweovanot  lie  nj  doubt  tbonghib«j  are  not  Tinrj  dis- 

thlGtly  seen. 

The  identity  of  the  species  here  deaoribed  with  Sowerby'a  speeies  is  afaooott 
certain  though  the  figure  and  deaeriptioQ  he  Rivea  are  Tery  defeotire. 

Aaamg  the  UHng  apeoies  F«««tolarlo  0Ummte§mt  Laakt  from  OejloB  Mema  to 

be  a  close  relative,  though  this  spocios  seoms  to  differ  by  n  larger  size,  and  tlie  re* 
ToWing  orDameutation,  which  in  the  fossil  species  is  not  as  ia  the  living  one, 
arranged  in  paiia. 

Genus :  PTRULA,  Lamarck. 
The  three  species  here  described  belong  all  to  the  sub-genoa  MelongenOt  Sobmiii 
and  on  be  eoailgr  diitingnished  at  folkura^— 

A.  Be4]r  wborl  W'.t >i  A„! y  r.ne  row  of  SfllMS  MH  flw  MtafSt 

!•  Ffrala  pugHtma,  Bora,  ipsa. 

B.  Body  wbnl  widi  tw«  sows  ol  agiiM^oae  aewtha  salaNk  tbs  otbar  dm  to  lbs 

Ulterior  end. 
{a)  Spiielow. 

(6)  Spire  ek'vatiKl. 

9.  Fjru/a  pteudobucephala,  ispeo.  nov. 

The  ipeellle  independenea  of  the  lait  named  apeoim  majperbapa  be  qneatfantodt 

as  it  is  quite  possible  that  if  a  larger  number  of  »pcci<»s  could  be  compn»ed» 
a  gradual  passage  between  high  and  low  spired  shell  could  be  proved.  Yet  the  fe«r 
specimens  which  I  examined  are  so  dtstinotly  ditided  into  ipeftimena  with  a  high 
and  low  spini  that  it  «aa  necessary  to  aeparato  them  under  a  different  name. 

Vyrida  {Melongena)  pneudohncephala  would  therefore  represent  the  extinct 
Miocene  type  of  Pyrula  {Melongena)  bueephala,  Lamarck,  while  the  last-named 
species  and  Fyrula  {Melongena)  pugiUim  thaw  uo  differenoH  from  the  Uflng 
«pwee  of  the  eaittB  name. 

FzEVftA.  nvDMA,  BonL,  apae«  TL  XXI>  flga.  2,  2a. 

lair.  Pj)wrf«fi»iW«<iB««»ii.ll«Mgi>fh«l  IfcuMM  J^r«t«,yil.lii.l.U. 

Measurbmikts. 
Height    .  76  BUD.  (•n*tttiia«(*lj). 

The  shell  is  of  fairly  large  size,  pyriform  in  ehape  tad  oonriiti  of  an  ekrated 

tnrreted  spire  and  a  large  accuminate  body  whorL 
Bmbryouio  whorls  not  obserTed. 

tit 
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There  are  only  ihm;  spire  whorls  preservcfl,  but  it  is  unqueationahle  that  there 
nmut  hare  beoa  at  least  five  or  six ;  the  whorls  are  angular  and  rather  high, 
tepinted  by  a  deep  iiiidoIatiii(p  mtoi* ;  the  moterior  part  of  tbe  taifMe  is  alnoat 
TCCtical,  the  posterior  smaller  one  deeply  canaliculated  by  a  atrons;  furrow,  which 
running  close  to  the  suture  sets  oil  a  sort  of  pseudo*)rael.  The  onuUDOntatloil 
ConaUts  of  strong,  but  short  spines,  lining  the  ambitua. 

Hw  hodj  wbocl  ia  high  and  large,  anteriorly  aoeaninated ;  the  posterior  part 
is  set  oGF  by  a  row  of  strong  bat  rather  inegularly  distributed  spines,  and  deeply 
canalicvthtod  by  a  revolting  furrow.  There  aM  nuoiaroas  strias  of  growth,  but  no 
other  ornamentation  has  been  preserved. 

Apertwe  not  ohsnred* 

Geohgkat  ocgiirfiafl».— 

ZoaeoE  OfM^rsa  «fy»fiM,  Ftoma. 

Remark*'— ThQ  only  qpeoiiiMa  which  has  oome  under  oxamination  is  rather 
badly  preaervod  hoins^  apparently  considerably  rolled  before  interment ;  in  addition 
to  the  rolling  a  colony  of  young  Ogtraets  has  entirely  covered  the  aperture  and  the 
last  part  of  the  body  whori,  but  Botwithstaading  these  diawbaoks  it  is  easy  to  aae 
tliat  ibo  spedmaa  diSen  hom  Ferula  bucephaii  and  Pffmla  pteudobut^phala 
by  the  abaenoe  of  a  second  row  of  spinos  on  the  anterior  part  of  the  body  whorl. 
Another  disti active  feature  is  the  deep  furrow  on  the  posterior  part  of  the  whorls, 
whioh  sets  off  a  sort  of  IkosI  aloog  tte  satine. 

It  aesms  not  doubtful  that  the  speoimen  under  examination  is  HwitttHtl  with 
PpnUa  puifUina,  Born.,  spec,  inhabiting  the  Eastern  Seas.  Shape  and  omamenta* 
tioo,  but  particntariy  the  canaliculated  poaterior  part  of  the  whorls  agree  perfectly 
with  this  species,  as  I  have  ooat Inoed  myself  by  oompariHm  with  a  spaelnien  from 
the  Indian  Ocean.  Under  the  name  of  Pyrula  ponderota  K.  Martin '  distinguishes 
a  species  which  seems  to  me  identical  with  Pyrula  pugilina,  because  I  doubt 
whether  the  diCbienoes  staled  wonld  be  saffioieot  for  a  specifio  ssparation. 
Professor  Martin  states  that  the  fossil  apeoies  is  nmoh  Udoksr  and  ponieM«»  that 
the  furrow  on  the  posterior  part  of  tlic  whorls  is  much  deeper,  and  that  the  regular 
disappearance  of  the  spiaes  on  some  part  of  the  whorls,  form  differences  from  the 
Uring  specie*,  which  in  tiwtanthor's  opinion  eonldaal  be  dteegnded.  This  is  at 
course  a  matter  of  opinion,  but  it  may  be  questioned  whether  tluwe  differences  flan 
always  bo  observed,  pnrtieularly  when  tho  specimens  are  not  absolutely  well  pre- 
served. There  is  no  doubt,  and  the  examination  of  living  species,  as  well  as 
the  study  of  Reeve's  l^^res,  has  eonflimed  this  view  that  the  ehaiaoter  of  the 
peripheral  spines,  viz.,  those  lining  the  ambitus,  is  rather  erratic;  in  some  speoimaoa 
they  have  almost  entirely  disappeared  on  tho  later  whorls  and  are  only  visible  on 
the  earlier  ones  {vide  B«eve'a  fig.  la),  while  on  others  they  disappear  on  the  pen- 


ultimate and  leappesr  on  the  body  whori;  in  the  fossil  speoimen  hen  deaoiibed, 
they  aw  abse^tonly  on  a  small  part  of  the  body  whori.  bnt  mppear  again  lutw 

•  Ut  iMrfBrn  m  ^      91.  FL  Xir.  fifiL  SOe  ttn,  eh. 
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on,  the  first  tpiiio  Mdg  nthw  W6ak»  whilo  the  othflci  rapidly  inereaae  in  she  and 

thickness. 

li  may  f artbw  bo  qa«ilion«d  wheHiar  Pfrmla  madjalengk«tui»t  Mart,  does 
not  Mpresent  the  smooth  variety  of  Pjfrula  p«yiUM.  Uavtin  himself  dwells  oa  the 

stron?  ^iimil:l^ity  of  this  specias  with  Pyrulu  pujilinn,  but  he  thinks  that  the 
strange  accuminatioa  of  tlie  anterior  part,  as  nrell  as  the  different  Ofuamentation 
of  Um  earlier  whorls,  aie  taflloieiit  for  a  spedlle  sepaiafcioii. 

PnviA  BVCBFHALA,  Lamarck,  FU  XXI,  figs.  3.  8a,  4, 4a. 

ISir.  JV«b  ttmtMm,  Btnt,  Uonogmfh  of  Um  Omm  PfrmU.  pL  VII,  if.  U. 
im.       ^         •       M*rti«.  Po«liM*wli.f•.^Sl,|].XtT,ltl.m•n4l07. 

lTt)fovtunaffl_v  all  the  specimens  which  have  come  under  examination  arc  po 
ill>prei>ervud  that  no  aocarate  measurements  could  be  made,  but  the  shell  must 
have  attained  a  oouidieimble  siw  as  one  of  the  specimens  measnres  not  less  than 
dS'ft  mm.  in  length. 

The  shell  was  apparently  pyriform  in  sluiyie,  and  oomposod  of  a  rather  low 
(arreted  spire  and  a  very  large,  conical  body  whorl. 

Smbrjonie  whorls  not  ohaerved. 

The  spire  consists  of  about  four  angular  whi>r1s  sepnrated  by  a  deep  undulating 
SOtnre  which  increase  slowly  in  height.  The  surface  of  the  whorls  is  slightly 
oooeaTe  and  covered  with  numerous,  somewhat  irregular,  fine  revolving  keels ; 
the  ambitiiB  of  the  whorJs  is  set  with  a  row  of  strong  and  thick  spinea  whieh  are 
not  quite  cnmplct'ely  hidden  beneath  the  succeeding  whorl. 

The  body  whorl  is  very  large  and  high,  conical  in  shape  and  anteriorly  strongly 
attenaated.  There  are  two  rows  of  strong  spines ;  one  close  towards  the  posteriori 
and  one  olose  to  the  anterior  end ;  il»  sarf aee  slopes  gentiy  from  the  poaterior  row 
towards  the  suture  and  more  steeply  in  aqterior  direction.  The  anterior  part  hears 
a  few  revolving  keels,  otherwise  the  surface  seems  smooth,  except  for  numerous 
strin  of  growth  whiidi  particularly  appear  on  the  posterior  part. 

Apertnte  not  obaerved* 

deeifgital  occurrence. — 

Zone  of  Mylilut  nicobarieut,  Singu. 

Remarks. — It  is  moat  unfortunate  that  all  the  specimens  I  have  under 
examination  are  so  badly  preserved,  because  it  seems  that  this  speoiea  it  liable  to  a 
great  variation  with  v^sud  to  the  shape  of  the  ahell;  if  I  take  flg.  8  as  the  type 
than  the  specimen  fig  t  which  nnquostionably  belongs  to  the  same  species  dilTers 
by  a  much  higher  spire  and  by  a  smaller  number  of  spines,  there  being  only  six  to 
ooevolation.  Itfortlier  appears  from  this  speofmen  that  the  peripheral  spinee 
en  fba  eariier  spire  whwb  were  developed  in  the  shape  of  thiok  longitadinal  ribs, 
irilich  with  increasing  age  gradually  moved  towards  the  ambitus. 

It  is  unquestionable  that  the  specimens  under  examination  are  identical  with 
J^rvfo  hioepLf «,  Lamk.,  wUoli  oceuis,  as  Mtttin  atetes.  in  the  Indian  Ooen. 


S18  PATJITA  OF  THE  MIOCENE  BEDS  OP  BUHMA. 


Closely  related  to  Pt/rula  hueephala  ia  Pyrula  rjigas,  K.  Martin,  wliioh  is,  bowover, 
diatinguisbed  by  a  number  of  cbaraotem,  of  wbioh  tbe  coacare  revolving  band  oa 
die  tpit*  wliorii  wema  to  be  one  of  the  eMi«ii  fMtam  to  reeof  dIn. 

The  specific  difFsreno!^  of  Pyrula  p$eudobueephala  se«ms  to  be  less  oertaioi 
and  it  was  only  Tritb  besitation  tbat  I  separated  tbis  species  from  Pyrula  bucephal", 
bat  tlieve  seems  to  exist  certain  ooQataot  fe&tur«a  in  botb  specimens  of  Pyrula 
ptmidoiacephala  whidi  naniani  a  wfmU»  wpmiiom  adfinble  imkM  a  ynrj  ]arg« 
margin  of  variation  was  allowed.  These  difTerpnt  features  are  the  followiBg  :  ib6 
shell  appears  to  be  more  elongated  in  Pyrula  pteudobuetphala  than  in  Pyrula 
iueepkala,  the  spiro  is  mow  elBraMI  and  tbe  wborls  are  bighe/  in  the 
iatmu  than  in  the  latter  speeiei ;  Che  moat  iDpoirtaiit  dUhraioBs  omiiit, 
however,  in  the  longirndinal  section  of  the  hody  whorl ;  in  Pyrula  bucepkaht 
this  section  forms  a  sharp  angle  with  a  short  posterior  and  long  anterior  side ;  in 
JPyrutm  pMudtbwefhata  this  Motion  foniii  a  eorre  gently  sloping  in  posterior  and 
interior  direction.  It  further  appeals  as  if  the  posikuior  lov  of  ^inea  via 
IflM  stioDgly  dareloped  in  Ffrutm  |MM<M«Mpi«te  than  in  Pyrala  6tuepUl0. 


PtKVKA  PSlTTDOBUOKPHAtA,  Spec.  nOT.,  PI.  XXI.  figs.  5,  C,  Cta. 

Unfortunately  tbe  two  specimens  which  have  oome  under  examination  are 
fnr  iMdly  pcewrvod,  bnt  they  atill  axUUt  a  loflMent  aaioant  of  ohaiaotets  to 
allov  of  a  satisfactory  description. 

The  shell  must  have  attained  rather  a  large  size,  bpcauso  ono  of  the  specimens 
measures  not  less  than  107  mm.  in  length.  The  shape  was  apparently  elongated 
pfiilorin,  and  the  ahaU  was  eompoaed  of  a  bi^,  derated  tpire  and  a  large  conical 
body  wlinrl. 

The  number  of  spire  whorls  is  not  known,  there  being  not  more  than  four 
pKserred ;  the  whorls  are  angular,  rather  high  and  their  surface  is  steeply  inclined 
towards  the  undulatiaff  ratnve.  Tbe  eaiUer  whorls  wenset  with  ebont  eight  to  nine 
thick,  but  short  longitudinal  ribs  which  gradually  more  towards  the  ambitus learinc 
tbe  posterior^  part  of  tbe  surface  free.  It  is  questionahlo  whether  beaidee  tibe 
numeiotts  etrisof  growth  tbera  existed  also  a  revolying  ornamentation. 

The  body  whorl  is  ywy  higb»  atraoglf  aeeaminate  in  anterior  diieetion  and 
Bet  with  two  rows  of  strons:  spinrs  ;  tlio  posterior  row  appears  to  be  tbe  weaker  of 
tbe  two,  and  composed  of  spines  greatly  varying  in  strength.  The  longitudinal 
leotion  of  tbe  body  whorl  ia  rather  a  flat  curve,  baring  its  apex  at  the  posterior 
row  of  spines  and  sloping  a  little  iteepcT  in  foelerior  than  in  anterior  diraotion. 
A  number  of  flat  re  volving  keels  aepaiatedby  linear  intecsticee  ara  aaen  in  frani 
of  the  anterior  row  of  spines. 

Aperture  not  obaerred. 
detogfeet  aeearreaee^ 

Zone  of  Jiftitva  mMmrinu,  SinSn. 
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Semarka. — It  wng  with  the  greatest  disinclination  tlmt  T  separated  this  species 
from  IPjfrula  buoephala,  particularly  as  I  ttiought  that  the  state  of  pieserratioa 
wat  not  goflhsteat  as  to  allov  of  a  apeeiflo  distinotioii.  In  oompariog,  hoveir«r,  the 
two  specimens  I  examined  with  Fyrula  buoephala,  I  found  that  tfaey  both  had  a 
number  of  features  in  common  by  which  tiiey  differed  from  that  spociea.  I  would 
Lavei  therefore,  been  obliged  to  allow  for  a  great  Tariatioa  in  Fyrula  buoephala  or 
to  dtstinjdah  tiie  apaaimaa  under  esaodnation  by  a  new  name.  I  ptefened  the 
latter  course ;  Pfruta  fttwdobuoephala  dilTers  thenCore  from  tt/rula  buoephala  by  a 
inore  elongate  shape,  a  moro  tilevated  spiro  compo8«jd  of  higher  whnrls,  but  parti- 
enlaily  by  the  longitudinal  section  of  the  body  whorl  wbioh  la  represented  by  a 
oorve  inatead  of  a  sharp  angle  aa  in  PyraAi  iMipMa. 


Family:  VVBICJLJS,  Tryon. 

Oenus :  UUREX.  Linnd. 
Only  two  spooies  have  come  under  examination,  the  generic  position  of  one 
ol  which  Uurex  (?)  tchihalchej/i,  d'Archiao  and  Haime,  aeems  even  very  doubtful. 
Both  species  are  so  widdy  difltoieot  in  their  apeoiflo  characters  that  a  ^aoptieal 
table  i.s  superfluous. 

No  living  relative  of  either  Murex  arrakamentis  or  Hurex  (?)  tchihaicheffi 
could  be  dixoorered,  and  it  seems  almost  certain  that  both  represent  indigenous 
typea  which  are  estinet  among  the  piesent  fiaana  of  the  Indian  Ocean. 

Mvaax  anBaKiimrai^  KoetUng;  PL  XXl^  fig.  Ti  m. 

Uai.   Mmrn  SiniiMWlfl.  KoetUoir,  Mlonne  Foi..  Upfer  Kornm,  Ml'Ss.  Qsilif.  IhwJ  «( Iiiii,  IMt, 

Vgl.  X  X  V  il.  p.  96,  pU  \  II  i.       6,  Oa.  U. 

MiaSVKIHIMIti 

BtAfiA,  .       .  Sl-0  M. 
Width  .      .  „ 
IflMlsagl*  .  W 

The  shell  is  of  small  size,  pyrlform  in  shape  and  oonaiata  ot  a  abort  but  elemtad 
apire  and  a  high  vcntricoso  body  whorl. 
Embryonic  whorls  not  obserTed. 

The  s^re  oondsts  of  three  or  four  xoonded  whor)%  separated  1^  a  deep  midn> 

lating  suture,  which  increase  rather  quickly  in  height.  The  orn%mentatioD  oonaists 
of  short  but  strong  longitudin  il  ribs  of  which  there  seem  to  be  three  to  one  solution 
which  are  separated  by  three  varicea  ia  such  a  way,  that  one  rib  appears  in  the 
interral  between  two  varioes;  the  whole  anrfaoe  of  the  wboila  was  apparent^ 
Gvrered  with  fine  revolving  linaa  wUob  aie^  bowerar,  almost  worn  away  on  the 
^ecimen  under  examination. 

The  body  whorl  ia  large  and  high,  occupying  about  three*fourths  of  the  total 
hdf^i  ita  poaterior  end  is  Tentiiooa^  anteriorly  it  is  contraeted*  ending  in  a 
abort  tmiwated  canal.  The  horisontal  aaction  ia  distinotly  (liangahr  on  aooovnt 
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of  the  throe  varices,  and  tho  intprmodiate  ribs  liavo  almost  entirely  di'^appearwi. 
The  last  Tarix  is  tbe  strongest  and  set  with  throe  spines,  the  posterior  one  of  which 
ii  ewMMaimbly  stronger  than  the  two  othsn.  On  the  penaltiatate  Tarix  tlnw 
■pinnaw  just  slis^htlj  indicated,  vhile  hardly  any  tracooC  tlma  is  vi^ibln  on  the 
pieoedins;  one.  The  whole  surface  is  covered  with  numerous  rouaded  revolvin!' 
luds  of  varying  streagth  separated  by  linear  interstices.  Two  of  these  keels  which 
run  at  aboot  tiie  middle  of  the  h^fpht  are  peroeptibly  etnoger  than  the  otheoi, 
and  thegr  aflpear  on  the  varices  as  the  two  anterior  spines. 

The  aperture  is  moderately  largo,  posteriorly  broad,  rounded,  acenminate  fa 
anterior  direction.  Outer  lip  very  thick,  sharp ;  inner  lip  callous,  anteriorly  wdl 
iBt  off  from  tlie  colmnelUi ;  aateiior  eanal  ahotl,  partly  coTeced  hj  the  onion  of 
inner  and  outer  lip. 

Qtologieal  oceurreitee. — 

Zone  of  Caneellarin  martiniana,  Minbu. 

Bemartt.-~Mmres  baHnkmut,*  K.  Martin,  aeena  to  be  rdatad  to  tbb  apedea^ 
thongb  it  apparently  diflbn  by  a  much  richav  omanuntatioD*  etcongar  spiiiea  and  a 
larga  canal. 

I  failed  to  disoover  any  living  or  f o«il  relative ;  lo  it  aeems  almost  certain  that 
Jfaiwa  anraiiaiicetM  repreiente  an  axtinot  type. 

Mimsx(r)  TCHIHATCBEFFI,  d'^b-cluac  and  Uaimo,  PI.  XXI,  figs.  8,  8a,  9,  8a. 
1863.  Mw*  teiihattitfi,  d'ArahiM  ami  Baimt,  Dm.  Ania  fo«.  da  j|Napt  Nam.  d»  I'lada, 

ii.xziz.fa.M. 

UH        ■        ■  BiaUhg,  MiaMiw  Pom.  tTpptr  Bonii^  llaM.fl«alf.  IWfDr  «l  Ub^  Mt, 

TtL  zzm.  ^  90,  pL  viii,  tg.  6. 
MsAsmmMn, 
HaliiM  .  SI  BO. 

AfiMlMiela      .  M* 

The  shell  is  of  small  size,  short,  ovate  in  diape,  eampoaed  of  a  rather  high 
•hooldered  spire  and  a  short  body  whorL 
Eaibryonio  whorLt  not  observed. 

Them  ane  only  three       vhovb  preeerfod,  bat  there  nraet  have  been  at  leaal 

five.  The  whorls  are  angular,  deeply  canaliculate  at  the  posterior  end,  slopiog 
vertically  in  anterior  direetioa,  thus  producing  the  characteristic  shape  of  the 
■pire  ;  the  whorls  increase  rather  quiokly  in  heijjlit  and  are  separated  by  a  sharp 
aotare.  The  aamamentation  oonniti  of  stroog  longitudinal  riba  of  whioh  thece 
may  be  about  nine  to  one  volution  separated  by  broad  conoave  interstices ;  the 
ribs  are  somewhat  olub-shaped,  being  muoh  thicker  at  the  poaterior  tium  at  the 
anterior  end. 

The  body  whorl  is  short,  ooenpyi^  apparently  lose  than  half  the  total  height. 
Tantrleoae  and  anteriorly  contracted ;  the  ornamentation  is  the  samo  as  on  the 
epire  whorls,  only  that  the  ribs  become  longer;  a  few  iadistinot  revolving  lineo 
Tidble  on  the  aateiior  and. 
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Apwlan  not  oliivNd ;  aatefior  ouibI  ftppuaitlj  ihort. 

Zone  of  Paraeyathu$  eaeruleu$,  Tenangyat. 

Remark: — Tlie  generio  position  of  tbia  genus  is  ■omowhAt  doubtful,  conuder- 
ia$  Hai  no  fntniw  aw  «i|iniMi  iriiioh  voidd  stamp  it  nnqneatioiiablf  aa  bdoag- 
iag  to  the  genus  Murex,  but  as  no  other  specimens  have  come  under  oxamination 
in  addition  to  the  one  described  in  my  pieviouB  mttBioIr,  I  have  no  TaUd  ceaaona 
on  which  to  change  the  generio  name. 

The  diaiMloia  aa  above  dauribed  agrea  wty  wall  irith  d'Anhiaoni  limt» 
ttMMekeffi,  and  the  probability  that  the  species  bore  described  is  identical  with 
that  one  is  very  gn^at^'  though  to  make  it  a  certainty  a  oomparison  with  Mesart. 
d'Arobiao  and  Baime'a  type  would  be  neoenary. 


Emdly:  roLUTIDJl,  Gray. 
Gaans :  M  IRQINELLA,  Lamarck. 
If  ABomUiA  (Gmbblia)  aouna,  Basre,  PL  XZI,  fig.  10.  «-0. 

MBASCKSnnB. 

ApMu^.  Mt mmni 

The  sheM  is  of  small  siio,  OTal  in  abi^  oonpoaed  of  a  low  spire  and  a  lavga 
inflated  body  whorL 

Tbe  apiN  wlunla»  of  wfaiob  tban  loay  be  time  «r  four,  an  loir  and  ineieaaa 
alewly  in  height;  tha^  aie  UKobaamblek  bj  being  appanontij  ooraied  iritii  a  fine 
coating  of  enameL 

The  body  wboxl  is  large,  ventricose,  anteriorly  truncated,  occupying  about 
fowAftba  of  tbe  total  bright,  baa  a  perfeotly  smootb  rarfaoe. 

Aperture  elongate  but  rather  narrow,  outer  lip  thin,  rounded  and  well  set  olE 
from  the  other  part  of  tbe  surfaoe.  The  oolamella  bears  &ra  equidistant,  strong 
oblique  plaits,  tbe  most  aatador  ef  vUoh  linaa  the  anteiior  eanaL  AaloiaK  oeaal 
abort  bnt  bnad,  poatetior  canal  sUt-like. 

Qtologieat  occurrence. — 

2one  of  Arw  theobaldi,  Kama. 

B«8MH>At.^The  apeeifla  bean  a  great  similarity  to  Marfitietla  dijhi,  K.  Martin, 
witil  vbich  it  appears  to  agiae  perfectly  in  regard  to  the  shape  ;  tbe  onlj  diAaienee 
between  the  two  species  concerns  the  strength  of  the  collumcllar  plaits;  counting 
in  anteio«po6terior  direction,  in  Marginella  {Qlabella)  ecripta  the  plaits  are  all 
of  tbe  same  atMngOk  exeept  Ne.  4,  wbieb  is  ahovtertbaa  ai^  of  the  otiien.  In 
Muffmettn  difki  on  the  other  band  the  plaita  iooreaae  legolariy  In  eiaa  in  aatan- 
>  Koty«MM«  MMNMoMrrtiatodkajiivTiMtlftiiair. 
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pnstorior  direction,  and  none  of  them  Beems  to  attain  the  size  as  obaeiyed  in 
Marginella  {Glabella)  tcripto. 

Hftving  oompind  «U«  tpmim  with  the  living  M«rffiitaU  {OkOeUa)  toHpta 
I  fail  to  disoovtir  any  differences,  the  shape  and  the  number  of  plaits  being  exactly 
the  same ;  unfortuoately  I  am  unable  to  aay  whether  the  outer  lip  was  crenu* 
lated  within.  M  in  the  living  species,  or  tttootkb  bMftttsei  except  a  very  nnall  part 
at  the  posterior  end  ittsnllldant  tQ  dadda  tba  qnettion*  tlia  wliolaof  tba  ouiar  Up 
is  teokan  off. 


Gemit:  T0L7ARIA«  Lanaittk. 

YoLYAaia  BiKMAMiCA,  Noetling,  PL  XXI,  fig.  11,  a-c. 

T«L  zxTii.  9.  n,  ri.  riUt  tgt.  7,  i*,  7»,  ?«. 

lAmumtnaam. 

H»ight  ,      «      .  13-S  ma. 
Width    .      .      .  6-0  It 

ipMHik  .  .VMiMMMa. 

The  sboll  ia  of  small  size,  cylindrical  in  shape,  oompoeed  of  a  very  short, 
perfectly  oonoealed  spin  and  a  long  body  whorl.  Am  the  spire  it  perfeellj  hidden 
by  the  body  whorl,  nothing  can  be  said  about  the  spire  whorls. 

Tiie  body  whorl  ia  elongate,  subcylindrical  in  shape,  posteriorly  accuminate. 
anteriorly  trunoated.  The  ornamentation  oooaieti  of  numerous  iharply  engraved 
Mndving  fonows,  whidii  an  Mpuated  by  Hal  intotaticee  of  aboot  twioa  the 
breadth  of  the  separating  furrowg ;  fine  longitudinal,  equidistant  strife,  which  are 
only  visible  in  the  furrows,  produce  a  very  delicate  lattice  work.  A  few  coai-jvo 
tttUa  of  growth  visible  at  irregular  intervals  ;  apertttia  very  long  and  narrow ; 
outer  lip  thiek  but  sharp ;  inner  Hp  slighfely  oalloos  towards  thapoateiiav  end ;  four 
strong  columellar  plaits  ;  nntcHolr  OUUd  shoxti  bioad. 

Oeologicat  occurrence,  — 

2k>necf  CaMsfterla  aiaHMafla,  Mlnbn. 

Bmarki, — ^No  other  speeimens  have  been  fvnnd  and  the  specimen  here 
dMOribed  is  the  same  as  mentioned  in  my  previous  memoir.  I  formerly  mentioned 
tiiat  Volvaria  birmanica  might  perhaps  be  compared  with  Folvaria  mullieiaffuiataf 
flklidberger,  Choagb  I  stated  at  onoe  that  both  apecnee  are  different  I  tiiink  fbat 
^titariA  aeatiuteula,  Sow.,  from  the  Paris  Eocene  is  a  still  nearer  relatrre,  fhovgh 
only  on  actual  roraparison  could  settle  the  question  of  relationship. 

As  I  failed  to  discover  any  living  relatives,  Volvaria  birmanica  apparently 
represents  a  type  which  is  estinet  among  the  })resenk  fauna  of  the  Indian  Ooeanj 
but  which  most  probablj  his  its  rdatires  among  the  fauna  of  tha  Booone  of  Paris. 
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Geuus  :  VOLUTA,  Uaa6. 

Only  two  spscies  hare  come  under  emnioation  wbioh  can  be  dUtinguubed  u 
Mlowi:'— 

1.  Volula  ringft,  spec  nov. 
Bi  Bodj  whorl  hi^h,  HOt  n-ith  short  npines  all  ofaritt  kngtk 

i.  Valuta  deitaia,  Sowerbjr- 

I  bare  nol  liMa  able  to  diioover  any  living  rdatitw  of  both  apeoiea  and 
it  wama  oertain  that  both  r^r^sent  types  whioh  are  at  preaeat  extinat  among  the 

fauna  of  tlir:  Tndinn  Ocean.  No  fossil  relatire  of  Folufa  ringena  could  bo  traced, 
but  there  is  a  great  probability  that  Valuta  dentata  has  a  very  near  relatire  in 
r«lafa  bie^rwu,  JMnaxk,  of  the  Ftria  Boeaflo. 


YoLVTA  axmam,  aiieo.  nor.,  TL  ZZX,  iga.  IS,  o-i,  IS. 


T«L  nvn  I.    |L  V,  If.  IL 


I  II 

BKigtit  .    28  mm.  tKHIHM)       20  am.  (•|fMB.)t 

Viim       .       .   30  p  18  „ 

AsMtmgU      .    t  7S* 

The  shell  is  of  small  sise,  pyriform,  and  cOBBpoaed  of  a  low  but  akfitad  apin 
and  a  high  anteriorly  aooominate  body  whorL 
Bnbryonie  wborla  not  obaamd. 

The  ainie  ooDsists  of  about  4  to  ft  ifi^tly  rounded,  almoatflat  whoria,whiob 

iDcrease  rather  quickly  in  height  ami  ara  separated  by  a  deep  suture.  TI>o  earlier 
whorls  seem  to  be  perfectly  smooth  ;  gradually  some  faint  loagitudiaal  ribs  begin 
to  appear,  wUdi  alowiy  iaeraaaiiig  la  atrengft  again  die  out  on  the  pennltimate 
whoil;  these  ribs  are  ronnded,  nther  thick  and  separated  by  broad  interstices. 
Soon  after  the  fir^t  ribs  bare  appeared,  the  surfacn  of  the  whorla  ia  OOVend  with 
numerona  fine  revolring  lines,  varying  somewhat  in  strength. 

The  body  wlioflia  very  largift,  ooenpyii^  BMMe  than  two>thlidi  of  the  whole 
height,  rentrioaso  at  its  posterior,  aecuminate  at  ita  aatovior  end.  On  ita  oUar  put 
tlie  longitudinal  ribs  are  still  visible,  though  they  are  very  faint  nnd  soon  dlsappoar 
entirely,  and  their  place  is  occupied  by  short  spines,  which  though  not  appearing 
eafUer  tiian  tlie  laat  half  of  the  wlioil,  qoiokly  attain  eonaidefable  atrangth ;  thaw 
spines  mark  a  sort  of  indistinct  keel,  behind  whioh  the  aniboe  alopes  geotly 
towards  the  suturo,  becominj  slightly  concave  at  the  same  time.  The  whole 
surface  is  covered  with  fine,  rounded,  revolving  lines,  varying,  however,  somewhat 
ta  atrangth ;  theae  aie  aepafatad  by  iateralioea  in  which  now  and  then  a  flaar  line 
appears. 

Aperture  not  observed. 

2tt 
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Zone  of  Cancellaria  martiniana,  Minba. 
JbiMrlii^In  my  prevlottt  niera<OT  I  oauMtnA  fhb  apede*  w  identical  with 
8lnm!^  aodotMt,  Sow.,  though  I  confess  on  the  efenngth  of  the  rery  ill-preserred 
specimen  aa  repmtent<?d  by  fi;.  11.  Ilavinir  since  obtained  a  better-pres'srved 
speoimen  the  former  determinatioa  must  be  considered  as  erroneous.  As  this 
•psdiiMO*  fhongh  not  par^lulj  wdl  pmemd  either,  ezhibite  no  tnee  of  mi 
expanding  onter  lip,  it  cannot  belong  to  the  genus  Stromhni,  nnd  the  probability 
that  it  represent!  a  Foimtu  ii  peat,  though  the  obaraoten  of  the  aperture  have  not 
lieen  observed. 

FotmU  ff^MM  WBm  from  VaM*  demMa  hy  theMmpaiatifidy  shorter  body 
whorl,  but  putioaladj  by  the  etioqg  ^nee  appearii^  on  the  latter  half  of  the  body 

irhorl. 

There  ezista  no  doubt  a  sort  of  genenl  fikeovH  betiraen  Folala  HmgtM  and 
AMntae  aotfoeae,  9om.,  ae  depicted  by  Messrs.  d*Arohiac  and  Baime,  but  I  refrain 
from  further  cnrnments  until  I  haTelUHl  an  oppoftani^  efesamiaiog  Siifombiit 
modotui  as  understood  by  these  antbora. 

VoMa  ringeiu  baa  no  living  ralativa,  noreomld  I  diaooiver  any  fbaait  speeiea  to 
whieh  it  migbt  be  eonpamd ;  it  ptobaldy  lepnaenta  an  anaient  type  vlUoh  ia  now 
aitincL 


Yvuau.  VBVfAVA,!.  de  Oarle  Sowerby,  Fl.  XXI,  iigs.  14,  oHi,  16, 9-b;  PL  XXII, 

figs.  1,  la,  2,  2a,  3,  So. 

laia  rdalt  imMt, 3,it  Owl* 9mAft tinumk  fltntog.  »m «l  MntSiidiin*  T«L  T,  |l.  XZTI, 

*!(.»■ 

Uia.      «         It      I'Ax^liiM  and  Haimr,  PwcT.  dn  Aintn.  fou.  da  maitaMMQiil  I'lallbpb  lU, 

pi.  XXXII,  Sg*.3,2a  ;  pi  XXXill.  6g.  U. 
jaML     »       I,     NwtliD^.  Mioonw  7«w.  Vfpt  Bnmt,  Mm.  Otahg;  Bimraf  baiiblBB6^Tal. 


Hfl|^  aft* 

WMtk    .     .     .  19  M  frifni.). 
MSmimd^    .     .  mt 

The  shell  is  of  small  size,  pyriform  in  shape  and  composed  of  a  short  elevated 
spire  and  a  high  anteriorly  attenvated  body  wborL 
Embryonic  wborla  not  oboerved. 

The  spiro  is  composed  of  nbout  five  whorls  which  are  rounded  at  first,  but  after- 
wards become  angular  and  slightly  concave  at  the  posterior  part.  The  whorls  are 
l0W|  ineteaaing  raily  alowly  in  he^ht  and  are  aepaiated  by  a  sharp  autwna.  The 
anumantation  oonaiata  of  abort  ^inea  npeaenting  tba  papteijor  end  of  iongitadinal 
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ttta,  following  at  equtl  iiiterT»k  aDdlinlaf  an  iadiftiaok  leroIriDg  keel  wUoh 
sepamtei  tiie  |Miteiiior>  d%btij  comoave  portba  of  the  nufMe  from  llie  anterior 

oae. 

The  body  whorl  is  v«rj  high  oooupjiag  about  three-fourths  of  the  total  height ;  the 
postodor  end  is  brood  and  Tonlriooie,  the  aatorlor  and  aoenminatB.  Tlio  omameata- 

tion  Ls  the  same  ns  on  thf  spire  whorls,  only  that  it  is  distinctly  seen  that  the  short 
epioes  represent  the  posterior  end  of  loogitudiaal,  ratlier  sharp  but  short  ribs,  which 
beoome  perfectly  eSaoed  on  the  aatmor  half  of  the  surface  and  are  sometimes 
mem  ttSA  shorter,  partiaalariy  toward*  the  apertnaa.  Tha  vbola  sarEMMi,  axoept  the 
concave  posterior  part,  is  revered  with  sharply  engraved  revolving  lines  separated 
by  flat  laterstioes  of  rarying  breadth.  Towards  the  anterior  ead  the  lines  turn 
into  nanow,  bat  deep  farrows  aad  the  iatentloes  into  raised  Iceels  of  Tarying 
breadth. 

The  aperture  is  long  and  narrow;  the  oiit^r  lip  rather  thick,  rounded  and 
somewhat  reflected.  The  ooiumeila  is  set  with  five  strong  spiral  plaits,  which  are, 
howoferionly  vldUawbaBapartof  tbalastwhoiliaMiDioTCd  ae  rtiey  apparently 
do  not  estend  i%bt  «p  to  the  end  of  tbe  wf&ttmia.  Anterior  oaaal  abort  bat 
brond. 

Oeological  occvrrenee. — 

Zone  of  Cancellaria  titartiniana,  Minba. 
Zcma  of  Para<yal4«»  eaeniaut  Tenangyat. 

JtaMorX*.— There  seenn  to  be  no  donbt  that  tiie  ■peeineaa  bore  deaeribed  are 
identioal  with  Fblnto  dtuMa,  Sowwby,  tbe  abapo  and  ornamentation  agrering 

perfectly. 

FoiiitodeM^a/a  varies  a  great  deal  during  the  different  stages  of  growth,  and 
yoang  onas  having  the  whole  sorfisee  o(  tbe  body  wbori  oovared  with,  longitadiul 
ribs,  which  are  intersected  by  sharply  engraved  revolving  lines,  differ  considerably 
from  full  grown  ones,  in  which  the  loqgitadinal  ritae  are  so  mnoh  redaoed  that 
only  short  spines  remain. 

For  tbli  roMon  I  eontideved  in  my  previoni  memoir  FaltUa  <f  Mara,  d'AreUao 
aad  Baime^  as  identical  with  Valuta  dentala,  Sow.,  but  having  again  examined  the 
figures  t^iven  by  those  authors  my  former  view  seems  .not  quite  founded.  It 
appears  to  me  rather  doubtful  whether  fig.  4  and  fig.  6  of  Fefafa  vjfthara  really 
wpment  the  lame  epeeiee,  llg.  4  bnffag  appanntty  a  mnoh  higher  spite  and  a 
■nailer  number  of  ribs  and  spines ;  whether  this  specimen  represents  really  the 
same  species  as  that  of  fig.  5  will  perhaps  never  be  decided,  because  fig.  4  is  ap* 
parentis  a  cast  iaa  poor  state  of  preeernibn.  For  the  same  reason  it  will  be 
impossible  to  say  whether  it  is  identical  or  not  with  Fitluta  denUtta  whiob  appean 
nnqVMtionably  different  from  Valuta  cythara  as  represented  by  fig.  5. 

I  have  not  been  able  to  discover  any  living  relative  among  the  fauna  of  tbe 
Indian  Ocean,  and  it  appean  oert^  that  Tolala  iniMa  Npremnts  aa  extinct  type 
wbidi  baa  ptobaUy  tome  relatkniUp  with  Falafo  dM«(e»  Deek.,  horn  tbe  Paris 
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limily:  OLIFIDJE,  d'Orbigoj. 

Qeniu:  OLIVA,  Bnigi^. 
OuvA  (Stsbphoma)  RvruiAt  Daoloe,  Fl.  XXII,  figs.  4,  a>o,  6|  Sa. 

l«l(vS.    O/ira  n(/»^a,  Duflon.  Ruerc,  Mnrmjfrnph  of  tJif  >:*nn«  0/im,       XX,  Gg.  50. 

18Uo.    0/)ca  ^<i«(;'»far/cF,  Uortliiii;,  Mioora?  Cw*.  I'fpFr  Barm»,  Mrni.  ii«i>log.  Sorrty  of  Isdii^  lM9i 

VoJ.  XXVI  I,  p.  38,  pi.  IX,  figii.  I,  U,  16,  Ic. 
1897.  OUv»  rtffaU,  w.  4J—^t»mH*,  K.  lUniHt  FmnUo  foo  J««i^  |i.  (8. 


Height  .      .  a  an. 
Widtk  .     .    8  . 
AflMlngb.  «P 

The  aliell  bof  bbmH  riwi  lab^Undrfanl  ia «bape aadoompoud  of  a  thatt  bal 

devated  spire  and  a  veiy  high  body  whorl. 
Embrronic  whorls  not  obserTed. 

The  spiro  whiob  oooupiea  less  than  one-fooith  of  the  total  height  is  composed 
of  alwiife  four  to  five  flat  whorli,  iririeh  an  saf«ntel  bja  de^lyfausised  mtoie. 
The  whorls  increase  rather  quickly  ia  height  and  are  perfecUj  imooth»  appateotly 
GOrered  with  a  shining  epidermis. 

The  body  whorl  is  rery  high  and  occupies  at  least  thret^fourlhs  of  the  total 
height ;  it  is  aab<cyUiidiiad  ia  shape,  antorioily  trancated,  alightly  aeeaminate 
in  posterior  direction.  The  surface  is  sm  )otli  oscept  for  numerous  loatjitudinal  striss 
of  growth,  whiob  are  not  risible  at  the  aatecior  ead,  where  they  aie  corered  by  tbe 
enamelled  spiral  band. 

Aperture  latber  largeaod  wide,  etoagate}  bioad  at  ttie  aatarkir,  aoottmioate  at 
tlic  postnrior  end;  outer  lip  sharp  and  thick  ;  eolumella  set  with  five  '^tfon!^ spiral 
plaits,  the  last  of  which  meets  the  spiral  bnnd  at  a  very  sharp  angle ;  enamelltid 
epiral  baadiatiier  broad,  antarioir  oanal  abort,  but  Imoad. 

Zone  of  Mytilun  nieoharicuM,  Singu. 

Zone  of  Faracyathuteaeraleu*,  Yenangyatk 

Zone  of  Oancellaria  martiniaMt  Minba.  , 

Zfw  of  ^roe  tMMdi,  Kama. 

Zone  of  Parnllelipipednm  prototortvotum,  Kama. 

Zone  of  Aricia  hiimerota,  Thayetmyo. 

Bemarks.—  K.  Martin  has  since  recognised  that  Oliva  djocdjocarlas  cannot  be 
eODBideied  anything  else  bat  a  TBxiety  of  Olha  rufula,  Daclos,  a  view  in  which  I 
perfectly  agree  with  him.  Aa  the  specimens  examined  agree  so  doeely  with  that 
■peoiee  I  preferied  to  oanaider  them  as  ideatioal,  not  a»  Tunetlei  only. 
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Geniii:  AHOILLABIA,  Lamarek. 

Amcillaria  cf.  t£BNEdei,  Sowerbf,  PI.  XXII,  fig.  6. 

ItM.  AmOmrta  wmtiti,  8ointt>r,  Bmti,  Uooograpb  «( tht  Onw  JariOanm.  Pi.  I,  fig.  1. 
IIM.       •        ,  X.llHlia.yM■i«mJM%^cr,ILl]ti|•lM• 

MlAMHIIIIlRi. 

mUk  14C  w 

The  few  spoclmens  which  have  come  under  examinatioa  are  in  8uoh  a  poor 
state  of  preservation  that  their  apeuific  features  could  not  be  made  out  in  a  satis- 
faotory  manner.  The  shell  appeals  to  be  of  medium  sise,  orateljr  elongated  in 
•hape^  oonrfatliig  of  a  liigh  aoenininata  spire  and  a  laige  aafniar  bodjr  vhoiL 

The  spire  consiHts  of  about  four  to  five  ^nijulir  whorls  whinh  r3[iidly  increase 
in  height ;  the  suture  is  ill-seen  as  it  is  covered  with  a  callous  deposit,  which  also 
extends  over  the  wfaoili.  The  body  whorl  is  large,  high,  soiaewliat  angular  by  an 
indisttnet  keel  from  which  the  posterior  part  of  the  surface  slopes  genondfy  toinads 
tho  sxiture,  while  >he  anterior  part  IS  alDMSt  TertkaL  IlMN.is  00  omaiiMntatiiHi 
except  numerous  strise  of  growth. 

ApBrtim  not  obserf ed. 

flgeteyidal  ewwfuiwfc — 

Zone  of  Pholat  orientalit,  ThayetrnTo. 
Zone  of  Aneia  humerota,  Tbajetmjo. 
Zone  of  Cytherea  erjfektOt  Prome. 

Ibaiaria.— The  apeoimens  an  too  IIl-pNserved  to  alloir  fbr  a  more  detailed 
comparisan;  their  geaeral  shapii  h  tho  a  i-no  as  AnnVlnrln  vernsdel,  hwi  VkSt 
character  of  the  aperture  could  not  be  observed,  the  determiaation  may  be  aprne* 
vlntf  dottbtftaL 

AiH  SBOVKWi  TOXIGJX)88At  Thwehal. 

Bn[%:  CMOMLLlRUnjg,  Adaaas. 

Genoa :  pAKOELLtUtlA,  ImumIc. 

On  the  following  pages  Ave  speoias  have  been  deeoribed  whiob,  with  ngaid  fo 
shape  and  ornamentation,  are  so  iriddj  diffennt  from  each  other,  that  the  only 
feature  which  tliey  baTe  had  in  ooamon  is  a  number  of  oolomaUar  plaita  ranging 
from  one  to  three. 

Under  these  elfeanutanoesi  it  appears  aoaneirbat  donbtf al  whether  the  generio 

position  ot  at  least  two,  Oanceliaria  neavolutella  and  CanceUaria  martiniana,  is 
coneot.  Tho  npprturo  oF  the  former  species  has  not  been  observed  at  all,  its  generio 
position  has  only  been  determined  from  its  great  similarity  with  Oanceliaria  tolu- 
trilQt  I^k*  Under  ordloarj  oinnunatanees,  the  genei«l  appearanoe  of  the  shell 
would  have  kd  to  its  cHaiaiiaotion  anoog  the  genus  TrUon^ 
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A  similar,  and  perhaps  still  greater  doubt,  prevails  with  regard  to  Cuncell<ir!a 
martitUana,  the  general  appearaaoe  of  tliis  apeoies  is  that  of  a  Hanella,  jet  it  oaa- 
Aofe  belong  to  that  geaus  onriog  to  the  irregularity  of  the  varieei ;  tibia  featare  woold 
speak  more  in  favour  of  Wton,  yet  the  diffumos  of  shape,  and  the  oolumellar 
pliut  ffhiob,  tliough  weak,  is  distinctly  visible,  prove  that  it  cinnot  be  includcfl 
among  that  genua.  I  hesitated  for  a  long  time  whether  I  should  not  describe  it 
under  »  new  generio  naouh  yet  tbera  ven  no  fsrlisiilai'lly  diaUnottfe  faatniae  t» 
justify  this,  and  as  most  of  its  diaiMtwi  agreed  with  Ooie  of  OmtatlUHa,  I  In- 
cluded it  among  that  geaos. 

No  doubt  oan  exist  with  regard  to  the  generic  position  of  the  other  three 
apeeiM*  tbe  eberMten  oC  whieh  am  oefftainJ^  tboae  of  OtuuOfiHth, 

•The  6ve  speciea  eaa  be  dirtingiMahwd  aa  tDUom 

A.  SMlslMgBtt. 

1.  CaaeilUm  neadotmlilUi,  tpse.  uo*. 

B.  Sbsll  fhort. 

(«)  SatikM  withoat  k»ifitadiii4l  riba. 

8.  Camtdlma  iaornata,  spss.  oor. 
(>)  Surface  with  loagHiidiail  tihs. 
(m)  With  ravolvin^  koeU 

m  Apartnre  large  and  wids. 

8.  Canetllari*  pttiuiocaneellaim,  ipSSb  BOV. 
^  A|«rtun  soHill,  iMtncUd. 
4.  CmuaUrU  4m>iiwin,  d'AN&ho  nl  Hsins. 
(iQ  Without  revoWiiiK  keeli. 

6.  Caneellaria  martiniana,  spec  nov. 

The  relationship  of  these  five  species  is  as  varied  as  their  speciQo  feature.  None 
bai  any  liring  relative  tmaag  the  fiuuia  of  the  ladian  Ocean*  and  all  of  them  murt 
be  considered  as  extinct  t,v  pes,  yet  one  species,  Caii<;«//<irta  j>stf«tfe0aiietfi/a/'i,  is  so 
closely  related  to  Caneellai  ia  cancellalu,  Loik.,  from  the  Meditenanetui,  that  it  ia 
alicost  impossible  to  disUngoisb  it  from  this  species. 

Of  the  mnaiDing  four  ipeoiai  (JeMoUerfo  eeeeelaMla  b  my  eloiely  iriated 
to  Caneellaria  oolutella  of  tbe  Paris  Eocene,  while  no  fossil  relatives  oould  be 
discovered  of  Cancellaria  inornata,  Oaneellaria  datidtoni,  and  Cancetlaria  martin' 
iona;  tboogh  not  so  certain  with  regard  to  tbe  former  two,  it  is  almost  absolutely 
eectain  that  Ci— offarfa  aMfMatene  vBineseniB  nn  indif enooa  ^fpa^  liie  neaieat 
fdatiTea  of  wfaieh  mnit  have  egdattd  fai  the  elder  Lidian  HlBrtiiiiei* 

• 

OM»CMiiLuak  m^najaTBLLk,  spec,  dot..  Pi.  ZZII,  flg»  7*  «4b  8^  8*. 

Measi'rkmkn-w. 
IMght       .   12'S   mm.  liDcomplaU). 

Wiilth        .     6-6     „  ,  . 

Apickl  angle  S6* 

The  shell  ia  rather  delicate,  of  small  size  only,  elongately  ovate,  composed  ot 
an  elevated  spire  and  a  abort  hoij  wheiL 
Smbrjonie  vhoile  not  obmrred. 
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Thfl  ipiM  iB  composed  of  at  least  seren  rounded  irlioirb,  dawty  ineraMiiig  fai 

bright  and  separated  by  a  (loop  suture.  The  earlier  whorls  were  probably  smooth, 
and' destitute  of  orDamentatiou ;  on  the  later  whorls  the  omameatation  consists  of 
fine  loiif{itiidiiial  eqiddislant  libe  irlueih  gndoally  inereBse  in  strength;  ribs  and 
islentioee  an  orassed  by  namerous  very  regular  and  sharply  engxaTed  rarolvliig 
linos  which  are  separated  by  rather  broad  flat  bands.  The  varices  are  rithor  low 
and  there  are  about  three  to  one  volution.  The  body  whorl  is  comparatively 
Aort Inflated;  the  oraamentatioii  k  iba  aame  aa  m  tha  apire  vborlfl*  only  that  the 
flnt  bands  between  the  rcTolving  lines  are  raisad  Into  low  flat  Iceela  tomrda  ita 

mlfifw  md,  while  the  lon<,'itudinal  ribs  die  out. 

Aperture  and  auterior  canal  not  obeetTed. 

Geological  oneunetUM.— 

Zoos  of  Area  theobaldi,  Kama. 

Bctwit**- — Tbi**  specii-s  bears  some  similarity  to  Triton  ligatum  as  regards 
the  shape  of  the  bhell,  having  the  same  elongated  shape,  the  high  spire  and  the 
■aemingly  short  body  wbori.  It  is,  howBTer.  easily  distingaisbed  by  its  different 
oroaoMiitation ;  in  TrUom  ligatum  the  loagttadbal  ribs  are  crosaad  hf  nvoMng 
keels,  in  CaneeUatia  mavckiteUa  they  afo  owed  by  ahaipiy  ttagwni,  mj 
regular  lines. 

Though  th«  generle  positim  of  tUa  apeofea  la  not  qoite  beyond  any  doubt,  tha 
spiral  plaits  of  the  columella  not  bafing  been  observed,  the  shape  of  the  shell  and 

the  charaetor  of  ornamentation  ajpwe  so  well  with  Caacellaria  coluiella,  Lmk.,  from 
tlie  Eocene  of  Paris,  that  it  seems  dii&cult  to  discorer  any  difference.  As,  boir- 
orer,  the  cbaxaoten  of  the  apertore  are  not  known,  I  thooght  U  better  to  dbtin- 
gtush  it  under  a  new  name. 

CanrcUari-a  neavolutella  has  no  living;  relatives  in  the  &una  o£  tha  Indian 
Ocean,  and  it  represents  a  type  which  has  since  died  out. 

OAtroBUuniA.  imobnata.,  spec,  nor.,  Fi.  XXII,  fig.  9,  «•«, 

Height       .    9'6  mo. 
Width        .  e-8  a 
Apical  MgU  S6* 

The  shell  is  of  small  size,  rather  globose,  orato  in  ahape  and  composed  of  a  loir 
though  elevated  spire  and  a  lai^e  body  whorL 
Embryonie  wbocla  not  obaervad. 

TbB  spire  oouiala  of  4  to  5  slightly  inflated  whorls  which  gradually  increase 
in  height  and  are  separated  by  a  deep  suture.  It  appears  that  the  earlier  whorls 
were  smooth,  but  the  later  whorls  are  oovered  with  about  10  to  12  fine,  slightly 
pSoose  WTolving  keeb  of  eqnal  atrangOi,  aepaiated  by  fino,  linoar  Intantiaaa. 

The  body  whorl  is  rather  large,  itrongly  inflated  and  exhibits  the  anna  wnA- 
myitatfam  aa  obaervod  on  the  sfSxe  whorla,  only  that  the  keels  beoome  a  little 
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rtronger,  tho  interetices  a  littlo  broader,  wliilc  liprr  uM  them  a  fine  filiform  keel 
is  interpolated  between  two  stronger  ones ;  besides  the  revolring  keek  there  are 
numerous,  Bometimes  coarae,  Bometimee  finer  stries  of  growth,  whieli  amiine  tb« 
oiuMWfler  6f  loBgitaditaal  rite. 

Aperture  rather  large,  elongately  oral,  but  unfortnnatrlj' damaired  ;  outer  lip 
not  observed,  but  probably  thick,  internally  set  with  numerous  sharp  revolving 
plications.  Columella  set  with  three  oblique  spiral  plaits,  tiie  most  postarior  ol 
trliloh  to  the  itrangcat. 

Geological  occurrence.^ 

Zone  of  Jr'-a  thcobaldi,  Kama. 

Betmrkt, — No  similar  speoios  hoa  hitherto  been  dcsuribed  either  from  Weetem 
India  or  J«ta  and  Snnuita. 

Casoiuabu.  BSBtroooyurosbUkiA*  spee.  iioTh  fl.  XXII,  flg.  10,  ti-«, 

IM  OMUttntU  maUttttfa,  X<>.-tlinR,  WuK'nt  Foot.  Cpptr  Burnu,]bii.OMli|b  InMf  «l  laHfc  IM|> 

VoL  XXYII,  p-  S9.  pi.  IX.  igt.  2. 26. 

Mbasokmints. 

Width         .    10-6  » 
Apicftl  angle  6S'' 

The  c^ell  is  of  small  aise,  orate  globote  in  shape  and  composed  of  a  low,  but 
slsraiid  ipire  and  n  brga  Tentiioosa  body  wlwil. 

Bnibryonic  wlmrls  rot  nbvprToil. 

Only  two  spiro  whorls  arc  proscrvod  which  are  strongly  inflated,  separated  by 
a  deep  suture  and  rather  quickly  inotease  in  hdght  The  ornamentation  consists 
of  abont  IS  to  18  strong  nmndad*  Idngitndinal  rite  tepaiated  by  bni*d  onioaTO 
interstices  ;  the  ribs aro slightly  oblique  and  accuminate  at  both  ends;  ribs  and  inter- 
atioes  are  covered  with  numerous,  closely  set,  reTolving  keels  separated  by  linear 
Intarstices;  the  heeb  are  of  diilei«ttt  ttrengtli  md  imuUy  m  finer  one  oconrs 
between  two  Htronger  ones.  With  a  strong  magnifying  lent  a  Teiy  fine  longitodinal 
plication  is  seen  in  tho  interstices  of  the  revolving  ribs. 

The  body  whorl  is  large,  inflated,  somewhat  attenuated  in  front;  the  orna- 
mentation to  the  aanifi  as  on  the  apbe  triiorlsb  strong  lon^tudiaal  ribs,  orossed  by  fine 
revolving  keelii  both  beoome,  however,  stronger  and  it  can  be  distinctly  seen  that 
the  decussate  ornamentation  of  the  interstices  is  produced  by  very  fine,  longitaduial 
strisB  which  are  worn  oSt  on  the  ribs  and  only  appear  in  the  interstices. 

l!he  apeitme  to  laOer  largt^  oval  in  ihap^  the  outer  npto  ihaiiik  deatteahte 
Irtfllbk  innwr  1^  tbin,  partly  ooTering  thA  OoliiiiMdla,  oahuBeda  iliorti  aet  iri^  afeir 
apital  folds  which  nm,  however,  ill  seen. 
.    Oeologieal  occurrence.'— 

Bone  ot  MenibM,  Tenaagyat. 

JZtfMorts.— This  species  to  earilr  djatingniBlied  {ram  Ctmetltmfiti  Inemafe  bj 
tbe  itroog  Imigitndinal  ritei  eraesed  by  w«U*ittarked  levolTipg  kee^  ontheothef' 
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hunlt  the  disUnctioii  from  CaneeUaria  david$oni  Bcems  somewhat  difficult.  On 
doter  examination  it  will,  however,  be  scon  that  it  is  distinguished  bj  a  shorter 
■pink  &  finer  ornamentatioo,  but  partioularlj  by  a  wido  and  open  aperture  which 
h  not  fMtiioted  hy  aa  inflated  outer  lipu 

In  my  previous  mem<ur  I  identifted  this  ipeoiM  with  Ccmoellaria  cancel  la  to, 
Lmk„  but  having  since  compared  several  spocimens  of  that  species,  I  think  tliis 
view  must  be  modified.  CaneeUaria  camellata  has  unquestionably  a  higher  bpire 
ud  tiie  munber  of  loii^tndlinl  itba  m  well  as  Chat  of  the  nrolTiiig  ehocds  ia  leia 
numerous  than  in  Cancellaria  pteudocancellata.  On  the  other  hand,  a  gr^at 
similarity  botwoon  the  two  species  cannot  be  denied,  and  as  CaneeUaria  eancellata 
does  not  occur  among  the  fauna  of  the  Indian  Ocean,  CaneeUaria  f$eudocaHeeUaia 
levmiNiili  the  only  apeoiee  hitbarto  fonnd  vhioh  beace  any  xalathmihip  to  a  Bpodee 
living  outside  the  ladiaa  (cofbuw  and  ooooningalao  ia  afoidl  atate  in  the  Miooene 
of  Vieona. 

CAKCBiiLAAiA  SATIDSONI,  d'Arcliiac  uud  Hoimo,  F1.XIX,  figs.  23,a-i; 

FL  XX»  flg^  1, 

Un.  IWtai  4mUml,i'lt^\nm,  >d1  lU\m>,  D«M.te  Anm.  hm,  diOnftuaa.  la  rUOi^t.  911. 

pl.XXX,  Cg>.  Sa,  0. 

Uai.      a       n         Sgrtling,  Hiodefkc  PoM.  Uppn  Bwba,  Mia.  6Nkf.  BUNf  «f  faik,  IMk  VlL 

XZVII,  p.  89,  pU  VI,  6gf.  6. (to. 

MiAsuBiiuim. 

BrisU  .     MMttaaU  m. 

Width    .        .  10-6  w 

Apiokl  maglt  (0° 

The  sheli  is  of  small  size,  ovate  in  shape  and  oompoaed  of  man  than  four 
whdria  fonnoag  a  toneted  i|Hie  and  a  shoit  body  whorl. 

Bmbryonic  whorls  not  observed. 

Only  thrae  spire  whorls  are  preserved,  though  it  is  unquestionable  that  there 
have  been  moie;  tbaviiarb  are  low  rafter  inflated,  separated  by  a  deep  nndn- 
ratan  and  inomnio  slowly  in  height.  The  ornamentation  consists  of  strong* 
rounded,  slightly  oblique  longitudinal  ribs  of  which  there  may  be  12  to  ono 
volution,  separated  by  rather  broad  interstioes.  These  ribs  are  ciosscd  by  a 
number  of  fine  eqiddbtaat  revdhrbg  keels,  which  when  eiaaaing  tiie  kngitodinal 
libs,  aie  nused  into  low  elongated  knobs.  In  the  interstiosa  nt  tha  xefolying  keels 
thfrff  arc  several  fine,  revolving  lines,  wliich  are,  however,  only  visible  in  well 
pmenred  specimens.  There  are  a  few  varices,  about  three  to  one  volution,  which, 
however,  are  hardly  discemible  from  the  ribs. 

The  body  whod  is  rather  short,  atrangly  Inflated,  anteriorly  attenuated  ex- 
hibiting the  same  ornamentation  as  the  epire  whorls,  terminating  in  a  thick  inflated 
variz,  largely  restricting  the  aperture ;  aperture  elongately  oval,  but  rather  small  i 
outer  lip  shivply  raised,  inner  Up  thin,  ooveiing  the  oolamella  wldoh  bean  three 
plmts,  the  central  one  of  which  fa  the  alrongest ;  UD  posterior  caaali  nteiior  eanal 
short,  leoorvedand  asoending. 
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Geologieal  oeurrence. — 

Zone  of  OaneeUaria  tnartUtiana,  Minlia* 
Zone  of  Famitaikm  9a§rultiu,  TBoaagfni. 

Itetnarht. — The  qpeoiei  Ime  desoribed  ropro^onts  one  of  those  which  unless 
exceedingly  well  preserTed,  thug  allowing  all  their  distinguishing  features  to  be 
seen,  are  open  to  any  sort  of  interpretation ;  the  shape  is  JZaN«^/a>like,  while 
the  imgalailr  diibribnted  TarioeB  would  mora  tpeek  for  ZWto» ;  the  oroamentfttioii 
ii  euoHy  like  tbttt  of  the  living  Ncmaria  recurta  from  the  Indian  Ocean. 

In  my  prnrious  mnmoir  I  considt-red  this  species  to  belong  to  the  genus 
Triton,  but  haviug  since  disoovered  the  coluinellar  plaits,  it  is  unquestionable 
thai  thieviev  molt  be  wrong;  shape,  oniameniaiion  aad  eolamdlar  plaits  prove 
therefore  that  it  must  beiontr  to  the  j^enus  Cancellari'J. 

Oaneeliaria  david»o»i  closely  resembles  Cancellaria  p$eudocaHcellalaf  from 
whioh  it  is  however  distinguished  by  a  higher  spire,  a  ooarser  rerolTing  omamoita* 
tion,  but  partionlavly  by  the  inflated  outer  lip  which  greatly  reduces  the  widtli  of 
the  aperture.  In  my  previous  memoir  I  identified  this  sjwcies  with  Triton  jaconus, 
K.  Martin*  a  view  whioh  was  fully  justified,  oonsideriaig  the  great  sizoilanty  of  the 
shape  and  onManentation  of  both  speoies. 

I  fui-ther  drew  attention  to  the  similarity  with  Tritonium  iamaranffai$iim,  K. 
Martin,  which  exhibits  exactly  the  same ornampnt^'ition,  particularly  the  compressed 
nodules  on  the  longitudinal  ribs.  The  view  o£  a  possible  identity  is  partioolaily 
etrengthened  liy  the  appennt  eiistenoe  of  two  eotiimeUttpl«tib  whioh  are  distiiutlj 
depicted  in  the  right-liand  figoM  of  Tritonbm  tmammgtmm,  and  whiBh  an  not 
mentioned  in  the  description. 

I  could  not  discover  any  living  relative  of  Oa»oeUaria  david$oni,  and  the 
•peoaes  probaUy  repw— ils  a  ^fpe  wfaieb  dose  no  langev  eslit  among  tlie  faons  of 
tlio  Indian  Ocean.  On  the  other  hand  it  seems  a*;  if  Cmcellaria  davidnnni  wei* 
a  close  relative  of  Cancel  laria  evuita,  Sow ;  tlie  siiape  of  the  shell  and  the  ornamenta- 
tion are  so  rimilaz  that  it  laama  diffloult  to  diioovtt  any  diSamieeB  feom  the  figure 
onHythittt  it  seems  tome  that  the  longitodiaal  joba  otihtteeUaria  davidaonian 
stronger  and  less  numerous,  as  in  fact  the  wlude  omamentatkm  oE  this  speoiai 
appears  ooarser  than  that  of  Caaoellaria  eouUa* 


OMxastibueu  vutimAxa,  ipeo.  iiot.(  TL  XXI^  flgk  11»  ah^  IS,  Ua,  It^ 

latf.  Mum  usstfufc  UPooeiM  Fom.  Upp«r  Bnnm,  Vm.  9m\i§  fcwy  si  Witt  T»L  IXTH, 

9^88,  pi.  VII,  6g..  2, 3,  4, 4(1. 

MsAsuuMun, 

Brfslit       .  MndMntlM. 

*  WiiJn,         .  M  m 

The  shell  is  of  small  size  only,  bucciniform  in  shape,  oompoeed  of  7  to  9 
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Embiyoaio  wliorli  not  wdl  bbHrfod,  appmentty  tnuoai  and  nitbont  aaj 

ornamentation. 

Die  spire  which  occupies  less  tban  iial{  ot  tbe  total  height  is  compost  of  about 
6  flat  wborh  aloiriy  {aoraubg  in  hdght  and  aepaiated  hf  a  shafp  rattua  The 
ornamentation  consists  of  numerous,  fairly  strong  longitudinal  riba  whioh  aia 
slightly  bent,  fairly  equidistant  and  separatod  by  broad  ooncare  interstices  ;  on  the 
earlier  spire  whorls  these  ribs  are  crossed  by  a  fuw,  sharply  raised  revolving  chords 
vUOhoatbeiaterwluirlabeooiiieTarjweak;  now  and  timi,  at  inegaUur  Intervala, 
alow  varix  is  visible. 

Tao  body  whorl  is  large,  occupying  more  than  half  of  the  total  height  of  the 
shell,  inflated,  attenuated  in  anterior  dixeelian.  The  omamBBiadon  is  the  same  as 
on  tiie  spiie  wliorla,  onlj  tbat  tlie  lon^tndual  ribs  become  abronger,  Imt  die  <mt  in 
anterior  diroolion.  The  revolvini^  lines  are  arranged  in  two  E^roups,  separated  by  a 
smooth  central  band ;  the  posterior  group,  which  runs  next  to  the  suture^  is  com- 
posed  o(  aboat  T  or  8  lines  wbleh  now  takathe  ibape  ol  low  and  smooth  ohords, 
SBpaiatsd  by  linear  interatices  and  caraaqpoiids  vnqnestionably  to  those  seen  on  the 
spire  wborLs,  the  anterior  group  is  composed  of  12  to  15  smooth  rounded  chords, 
increasing  in  strength  from  the  centre  in  anterior  direction ;  at  the  same  time  the 
tntnffstiiTW  beoooie  broader,  and  llUform  lines  appear  between  two  keela. 

The  aperture  is  moderately  large,  rounded  posteriorly,  attenuated  in  anterior 
direction.  The  outer  lip  is  strongly  callous,  oroniihtod  witbia  ;  tbe  inner  lip 
thin,  covering  the  uolumeiia  which  bears  a  siugie,  generally  not  well  visible 
^lal  plait;  there  is  a  radimentaiy  postetibr  oaoal,  whidi  appeals  asaaort  of 
■hallow  short  noioh  of  the  outer  Up ;  the  anterior  oanal  is  shor^  aaifOVt  bat 
elightly  expanded  in  front.  ' 
Geological  occuri  ence."^ 

Zone  of  Conseffafia  iMrNMmia,  IGnbo. 
Zone  of  Paraeyathtu  eaerule»$,  Teusngyat, 
Bemarkt. — In  my  previous  memoir  I  considered  this  species  as  belonging  to  tbe 
genus  Nana,  but  on  closer  examination  I  believe  that  this  determination  must  be 
flgtoneoua.  il^aisa  does  not  exhibit  Tarfces  lOos  thisqpeeiBB,  bntt  on  tbeother  hand, 
ooe  of  the  ohiet  obarscteristics  of  Xassa  is  the  extremsly  eallous  inner  lip  whioh 
in  this  sjH'cies  is  certainly  al)8ent.  Under  these  circumstances,  the  species  under 
examination  cannot  be  considered  as  belonging  to  the  genus  Aomo  nor  could 
^mmAhms  eome  in  qnsstiott  either. 

The  above  ehaBSfltets,  a  oaUous  outer  lip  crenulat«d  within  and  varices  distri> 
buted  irregularly  over  the  spire  whorls,  but  particularly  the  columellar  plait,  prove 
that  the  species  here  desoribed  must  belong  to  another  genus,  and  I  think  tbat 
I  am  not  wrong  in  sssuodng  its  gennio  position  among  tbe  genus  CancellaHa. 

I  also  bdieve  I  was  wrong  in  identifying  this  species  with  Buccinum 
eautletfi,  d'  Arch,  and  Haime,  though  I  am  not  quite  so  certain  about  this  point. 
There  is  unquestionably  a  great  dmilarity  between  OoMdlmio  martMana  and 
jMJoiBMSi  w^isyi,  d'Arob.  and  Haimeb  the  ornamentation  of  the  shell  being  8ppa« 
pmtty  the  same;  evao  the  peenlisr  sfnngoment  ol  the  revolring  keels  on  the 
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Ijody  whorl  is  indicated  in  Bucoinum  cautleyi.  On  the  other  hand,  this  speoies 
appears  to  be  more  elongated,  a  character  to  which  I  would,  however,  not 
atlribatetoo  muoli  Talm ;  oCmoie  importsBoe  b  the  «iitifo  abmee  of  vaiioM 
irhioh  are  neither  mentioned  in  the  description  nor  shown  in  the  figure.  If  tlua 
feature  is  not  due  to  an  oversight  it  would  at  once  establish  the  generic  dilTeronce 
of  both  apeoies,  but  as  I  am  uot  quite  sure  about  this,  it  most  be  left  to  future 
tcMBiohsa  to deoide  whether  Bueeimm  eamtUf/i  te^j  dilfen  by  thia  oharaoter  from 
Cancellarla  marliaiatta  or  not.  For  the  psaaant  I  pvebr  to  diBtingoMl  the  ipeoi* 
mens  from  Burma  xmdor  a  separate  name. 

Ibat,  under  these  oiroomstanoes,  no  relationsliip  oaa  Mist  with  ifacM  dquh 
jtrtntU,  Mati,  as  I  bdierad  in  mj  pnvioai  memdr  is  lobvioai,  this  species 
beiog  at  once  distinguished  by  the  absence  of  varices. 

No  similar  speoies  has  been  desoribed  from  either  Java,  Sumatra  or  Western 
IndiB,  and  I  have  not  bean  aUe  to  disflOfer  any  fossil  species  to  irUdi  Oanoeilana 
martkilaua  aught  be  eompaied.  I  oould  not  f  of  Iher  disco? er  any  living  lelaliTe 
either  among  the  fauna  of  the  Indian  Ocean  or  nmon:^  the  other  spoies  flyjured 
in  Reore's  monograph.  Unfortunately  I  hare  uot  been  able  to  see  Jousaeaume's 
monograph  of  the  genua  OmMlha^m  quoted  by  Ooasaann.^  and  otaaot  thenfiire 
state  with  eertainty  whether  this  species  has  any  living  relative  or  not.  80  far 
it  seems  that  it  represents  a  truly  indigenous  typo  which  may  probably  liave  its 
predecessors  in  the  Indian  Eocene,  but  which  is  not  represented  among  the  fuuna  now 
inbabiting  tbe  Indlaii  Oeeaa. 


Ctanna:  T£BBBRA«  Adamsoo. 

On  tbe  following  pages  soren  speoies  hare  been  described,  two  of  wbieb  bave^ 

however,  not  hoen  distio^juiahod  by  sponific  names,  though  it  rartiin  that  tb^ 
represent  species  which  are  different  from  the  others.  But  as  only  fragments  of 
tiuoatwo  speotes  baTaeome  under  ezamfiiattoa,  I  thought  it  visarto  leave  them 
unnamed  in  order  not  to  pnjndice  future  researches. 

These  six  specins  represent  the  following  three  sub-gencra: — Terebrum,  Mont* 
fort,  Strioterebrumt  Sacoo,  Subuto,  Schnmacher,  and  they  can  be  easily  digtin- 
gvlabed  aa  fbUows 

A«  Onamentation  of  earlier  apirs  whorii  not  diBimt  tnm  Umbs  sf  tht  IttST  mns. 
(a)  fievolvin?  chorda  pnsent :  Stnoterebrma^ 

(aa)  One  bnwd  lca«l  at  the  poaterior  stda  of  tha  wborls> 

1.  Strioterebrum  proiomytrc',  spec.  nov. 
(U)  Ons  brasd  ktelat  Um  antuior  side  o£  the  wborli, 

•     Hf  iJiifm.|t-MM  mmSJm^tum   munm 

«t  AlrfloivfWfSH  WHBIMiMa,  SpM^  DOTi 

{w)  One  btfMd  kealattbsaatsiior,  ■iidaiiiinnroasattbtpoittriorsidtcf 
tbewfagrls.  > 
A.  atritterOnm  Hemetmm,  K.  Ifsitia. 

■  CiUL  dt  C09.  FoM.,  VoL  17,  p.  m 
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(I)  JUvolving  kmlt  abtent :  Terebntm— 

(«a}  Aatarior  jMtrtioa  of  rite  itiaigh^  poattriw  p«rUon  ahort 

(W)  Anterior  portion  of  rib«  carved,  pottaior  pWlioillMlgk 

6.  Ar<i(ni«  mUU,  K.  Mattia. 
((v)  Anttrior  woS  pMtarior  poitioa  of  rit»  hntij  aepuatod. 

6.  Terehttm,  spec. 

B.  OnHSMntetion  of  euliar  spin  whoib  diSerant  from  tboae  of  the  later  ooes. 

If  weoniittlie  two  spenioa  which  bare  not  been  specifloally  dtiteraiiaedtdioagh 
Sxthula  spec,  is  most  probably  related  to  either  the  living  Subula  dimidiaia  or 
Subula  tnutcoriot  there  remain  five  specios  about  whose  lelatiooship  some  de&aite 
rtBtemmtiflaalie  made.  Tiro  ipeeiea*  TfrOnm  tmtM  ud  StrMefOnm  MMm* 
Imh  Ue  tdsntical  with  species  from  the  Miocene  of  Java ;  two  species,  Slrioterebrutn 
protomyuros  and  Terehrum  protoduplicatum,  are  so  closely  related  to  the  living 
Strioterebnm  mfuroa  and  Terebrum  dupliattumt  that  they  are  perhaps  idoiiioBl 
vitb  th«>e  ipeaiM»  beoam  tliqr  wpptaevOj  do  net  wpcemit »  pcnoaiiank  juvenile 
•tage.  The  first  named  is  very  probably  also  identical  with  n  spooips  oenurrin^  in 
Western  India.  Tbo  relationship  of  Sirioterebrmm  tMicinctum  oould  not  be  traced 
and  it  probably  represents  an  extinct  type. 

Striotekbbbum  raoTOMrvaos,  spec  nov.,  PI.  XXII,  figs.  1^  14a. 

1640.  T»nbMr«tie»lakhi  i»0iA9attAj,rmmtt.0»Jbt.t^ 

|LXXV],ac.S. 

The  fragments  which  hnvo  oomo  under  examination  are  Very  ill-presprvrfl,  bat 
notwithstanding  their  poor  state  of  preaervatkn.  the  characters  oould  sufliciently 
be  made  out  for  detennination. 

ThealielliraB  of  xatliar  a  large  tiaa,  ^gately  tunetai  in  abapa^  the  apioal 
angle  being  probably  not  more  than  7°. 

Tbo  whorls  are  rather  high,  flat  and  inoreaae  very  slowly  in  height,  and  slightly 
overlap  each  other;  the  antnie  fa  aharply  marlnd.  The  onamentatian  ooDifata 
of  a  hrcad,  lafaed  and  lla*  posterior,  revolving  keel  well  aeparated  by  a  deep  furrow 
from  the  slightly  concavo  anterior  part  of  the  surface  ;  in  front  of  the  keel  are  a 
nomber  of  revolving  lines,  somewhat  irregular  in  strength,  which  on  the  later 
whorfaako  oovw  the  hroed  peflleiior  fcMl  vUohaa  fhAeadtarwhodaappwa  to 
be  bee  of  tbem.  The  revolving  kaala  are  crossed  by  longitudinal  ribs,  which  are 
rather  strong  and  slightly  oblique  on  the  posterior  keel*  while  they  ore  finer  and 
broadly  curved  on  the  anterior  part  of  the  aorfaoe. 

Qeological  «0MrmiM.— 

Zone  of  Area  theobaldi,  Kama. 

Remarks— This  species  is  easily  distingoished  from  aU  ttw  Others  by  the  single 
broad  posterior  keel  Laving  a  number  of  fiUfoimi  l&IM  la  fas  front. 

NotwitbataBding  fbo  poor  alailo  of  pMaorvntion  it  seems  very  probable  that  tbo 
g^^,^  undar  csamination  m  identioal  with  Boworbj'a  Terebm  retkuUta  ;  tbo 
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ornamentation  is  apparently  the  same;  at  least  aa  can  be  judged  from  the  meagre 
description  and  the  poor  figure,  it  must  be  aa  abore  described. 

TTnder  ibe  naaie  of  2Vr«Af«  /eeoiw  K.  Ibtliii  deeocibea  a  apeftfee  whtah  to 
unquestionably  closely  related,  if  not  identical,  to  Terebra  reticulata,  the  author  him- 
self draws  attention  to  this  close  relationship  and  remarks  that  the  only  diCFerenoe 
ooosiata  in  the  revolTing  striso  being  finer  and  closer  aetin  Terebra  retieulata  than  in 
TerebrujaMMa ;  wlwtber  aoeh  a  minote  diffennee  oonatitatee  a  apeeiflD  diatinsHan 
n  matter  of  opinion,  because  a  certain  rariation  in  the  strength  of  the  ornamfnta- 
tion  must  be  allowed.  It  is,  however,  certain  that  Terebra  retietUata  from  liarma 
differs  by  the  aame  featue  tvom  Terebra  jatfona  from  Java. 

Among  the  living  apodea  Ter^bm  mgwntt  lamk«  la  aaeb  a  near  fdatiTe  thai 
it  is  aloiost  impossihle  to  discover  any  differences,  even  though  the  specimens  are 
as  badly  preserved  as  those  under  examination.  Terebra  tufuroe  exhibits  the  same 
Iffoail  aad  flat  keel  en  llw  posterior  ride  of  the  vhetk,  and  in  frant  of  it  a  alightly 
conoare  aorhoe  which  is  corerod  with  foar  atronger  and  four  weakar  cevolTing 
chords,  soparntofl  by  rather  broad  interstices.  These  are  eroy^ed  by  numerou 
longitudinal  ribs  of  about  the  same  strength  as  the  stronger  keels,  produoing  a  neat 
deonaaate  onMMDtation ;  on  tlie  poatevior  keel  the  nba  are  raised  into  aluwt  slightly 
oblique  nodnlea  whidi  an^  iMwerer,  mwe  marked  on  the  earlier  than  on  tte  later 
whorls. 

The  only  difference  which  I  can  discover  consists  in  a  sharp  and  deep  farrow, 
whieh  divides  the  poelecior  keel  into  a  nanow  anterior  and  a  broader  poeteiior 
hand. 

The  specimens  of  Slrioterebrum  profomyuros  which  I  examined  are  unfortu- 
nately too  Ul-preserved  to  state  with  certainty  whether  there  exists  such  a  furrow 
or  not;  at  seme  parts  it  seens  aa  if  there  was  the  aame  (arrow,  while  atotheisfha 
keel  appears  undivided ;  I  think,  however,  that  this  is  only  due  to  the  preservation, 
and  the  weaker  anterior  division  has  been  worn  off,  hut  not  being  certain  in 
this  regard  I  preferred  to  distinguish  this  species  under  a  separate  name  which 
ezpieasea,  however,  the  ekae  rdationahip  with  Ter^ra  mfmrct. 

Though  the  older  name  Terchrn  reticulata,  Sow.,  would  deserve  priority,  I 
consider  myself  justified  for  substituting  a  new  one,  because  it  is  not  beyond  all 
doubt  that  Terebrum  protomynroi  is  identical  with  SUsreftra  rdUntata,  Sow.,  bat  if 
80^  heoavae  2Vr«if»  refieuMm  wtnUd.  be  identkal  with  Areftra  mgunt,  praridad 
the  esistenoe  of  the  i^inow  diTidiog  tlwpMteci<»  keel  ean  ha  proTed. 

STBIOTSKBBBXnC  WlCItSCTXrH,  spec,  nov.,  PL  XXII,  figs.  16, 16o. 

MiuuuaxKis. 

widtb     ...  r 

Only  a  single  fragment,  measuring  about  16  mm.  in  length,  has  oome  under 
examination,  hut  it  shows  that  the  shell  whieh  waa  elongate,  tuireted  in  shape,  and 
must  have  attained  a  considerable  size. 
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The  whoria,  which  iuoraasa  Tdiy  tlowly  in  aite,  are  slightly  convex  aad  sepa- 
nted  by  a  rmf  Ol-dailiMd  tntare.  The  oratrnvntetioii  oonriili  of  a  broad,  latber 

thick  anterior  leTolving  keel,  aet  with  numerous  [^li^^'htly  oblique,  eloDgate  tuber- 
cules  following  at  regular  intervals,  nnd  two  striu^^'s  of  rounded  beads,  the  central 
one  of  which  is  slightly  larger  than  ttie  posterior  one  and  appears  as  a  semi-detached 
part  of  ttw  hn&i  aateiior  ked;  «  daeplj  ragwvad  furrow  almoai  resembling  tlie 
antttra  aeparatea  the  poateiior  atring  from  tlie  oeatial  one. 

Oeologieal  oeeurrenee. — 

Zone  of  Jrca  theobaldi,  Kama. 

|{«Mri».— Thongti  fttj  riadlar  in  ahape  mmI  omanMintatioa  to  rdrabw 
bkincla,  it  is  easily  distins^uislied  by  haYing  only  one,  but  bnad  keel,  which  is 
followed  by  two  strings  of  beads ;  in  Ttrebr»  bieinefa  there  are  two  kaelt,  aepatatad 
by  a  sliglitly  oonoare  band,  filled  up  with  a  few  filiform  keels. 

Notwithstanding  ita  gnat  ainiilatlty  with  TerOra  bMtuta,  theie  oannot  b«  the 
slightest  doubt  tliat  Strioterebnim  anicinctum  reprf'ionts  a  different  'jp-N  ios  which 
has,  however,  no  relative  either  in  the  rfitiary  of  Java  and  Sumatra  or  NVestem 
India.  Neither  ean  I  And  a  liTing  Hpocioa  to  which  it  might  be  compared,  nor  ii 
dien  any  IomU  speoiea  which  bears  any  resemblance.  Strhttrt^am  wnickiHam 
represents  titerefore  a  tjfpa  which  doea  no  longer  exist  among  the  preaent  Imuis  of 
the  Indian  Ocean. 


STEXomBBimc  Musnawmu  K.  llarttn,  PL  XZn,  figs.  15, 15a. 

MTMO.  «W«»»»W«fa<*ib«.llirtfa.T«tgi»«kMfIii%^ll,tLTl,lg.  llL 

lfa%l*      .      .  f 
A|MI«Hii  f 

Duly  two  fragmentary  specimens,  eai  h  raeisurinf»  about  15  mm.  in  lenerth, 
have  come  under  examination,  but  they  axe  sufficient  to  determine  the  specific 
ohaiaeteta. 

The  shell  most  hare  attained  a  considerable  aiMi*  and  is  elongately  tnrreted  aa 

is  indicated  by  the  small  apic-al  ani:!f.  It  was  apparently  composed  of  a  great 
number  of  whorls,  which  very  slowly  increase  in  hdght ;  the  suture  is  ill'seen  and 
the  aorfMse  of  the  whoda  are  BoA  with  eafih  other. 

The  revolving  ornamentation  consists  of  a  broad,  well  raised  granolose  anterior 
keel,  and  a  similar  but  somewhat  weaker  posterior  one  ;  the  broad  intermediate  band 
is  filled  up  by  tJiree  to  four  filiform,  equidistant  keels.  These  keels  are  intersected 
by  floe  longitudinal  liha,  whMi  follow  eaoh  other  at  legolar,  nther  broad  intecvala ; 
on  the  point  of  inteneotion  with  the  posterior  and  anterior  keel,  strong  elongate 
nodules  are  la^ed,  while  on  the  finer  iatennediate  keeb  only  low  nodalM  are  pro* 
duoed. 

Apactom  Bol  obmied. 
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Geological  oeeurrenee. — 

Zme  of  Area  theoMdit  Eaaui. 

JiMiMrAf^Thii  ipecies  ai^rees  so  well,  even  wiiL  regard  to  the  minute  details 
of  the  ornnnoiitation  with  Martiti's  Terebra  hicineta  from  Java,  that  there  can  be  no 
doubt  as  to  its  identity.  It  is  very  closely  related  to  Striolerebrum  imwufc^wn,  but 
a  caxefol  examiimtloii  ibom  that  in  SMotenibrmn  wtMHttwrn^  the  onaaimitetioB 
consists  only  of  one  broad  anterior  keel  followed  by  two  stringii  of  beads. 

Strioterebrum  prototttt/uron  is  ea«ily  distinguished  by  having  only  one  broad 
revolving  keel  at  the  posterior  side  of  the  wborU,  but  I  admit  that,  if  rolled,  Slrto* 
Urtbnim  Meintiim  waaUL  be  Tcrj  difficult  to  diilingiiiali  tnm  rtrrtmw  asynroc, 
beoftuae  the  position  of  the  miture  could  only  u  ith  difficulty  be  decided  on.  It  might 
thflu  appear  as  if  two  keela,  separated  by  a  deep  furrow,  eziBted  at  the  posterior 
tide  of  the  whorls  as  in  Terebrutn  m]f»ro»t  and  not  one  keel  at  the  anterior  and 
po»t»riof  aide  of  the  vhorla,  that  i»  to  my,  that  the  i^cntiBS  fdirow  lepraMirta  the 
•utttse  aa  ia  Striotenbnm  MMm^hm. 

TaaBBBmc  raoroscrLiCATUM,  spec,  nor.,  FL  XXII,  figa.  17,  17a. 

B«ight.     .     Mali.  (awns.), 
mith  a  w 

A|iiHlaa(]a  .  W 

Tlie  ahetl  ia  of  small  tiae^  elongataly  turrated  ia  ahape^  oompoaed  of  about  two 

whorls  fonnhi;^  a  hi^'h,  elevated  spire  and  a  short  body  whorL 

Jimhryonio  whorls  not  obserrod. 

The  spire  consists  o£  about  9  rather  high  and  flat  whorla  wbiob*  however,  only 
alowly  increaaa  in  hrigbt,  being  acpaxated  b j  a  aharp  and  deep  antuic  The  ofoap 

mentation  consists  of  numenuf;,  very  retrnlar,  sharply  raised,  somewlnt  nblique 
longitudinal  ribs,  following  each  other  at  regular  intervals,  which  are  either  siigbtif 
broader,  or  of  about  the  acme  Iweadih  aa  tlie  ribs ;  at  about  two-thirda  of  their  length 
tlie  ifba  aie  intezaeoted  by  a  deep  furrow  running  parallel  to  the  suture. 

The  body  whorl  e\-lii1/its  the  aama'onamieatation  aa  the  apiie  whorla*  only  that 
the  ribs  are  a  little  closer  set. 

Apertn»  not  waU  observed,  xatheramall;  odunuilla  ahorti,  twitted,  aet  with  a 
•troDg  wfSmk  fcid  behind  whkh  la  a  de«p  f  onow. 

OtoU^fiool  occurrence. — 

Zone  of  Area  theobaldi,  Kama. 

JleuNiril't. — The  shape  of  the  abell  as  well  as  the  chancter  <tf  the  arnameiitatlim 
agree  so  exceedingly  well  with  the  living  Tcrehra  (luplieala,  linn^  sp.,  that  I  felt 
inclined  to  identify  it  with  this  species,  Terchr<i  duplieata  is,  however,  distinguished 
by  a  muoh  larger  size  and  a  coarser  ornamentation,  and  as  I  hod  repeatedly  occasion 
to  lentark  on  the  leHttion  between  a  fossil  and  Hrfaig  apeoiea  exhibiting  Hie  aaaw 
features,  that  in  the  livini^  species  they  weie  stronger  devi  loped  than  in  the  fosaiP 
one,  I  think  that  Ter^tnm  protodupiMum  must  be  the  direct  ancestor  of  Terebm 
deplicofo. 
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Undor  tho  name  Terehm  haitJnn<jenids,  K.  Martin  describes  .1  spooics  wUbh 
is  very  probalfly  idontical  with  Tercbrum  protuiluplicalum,  at  least  it  sooms  to  me 
that  aocording  to  the  figure,  the  shape  and  the  omamentation  of  the  shell  are  exactly 
Afiks.  K.  M  artin  itttH^  howiB?«r»  that  Tstttii^  hnmdmgtwit  bii  the  gnalegt  dmi- 
lirity  with  Ter^nt  dimidiata,  Laink.,butoncompariiigBear«^sfigureof  thatipedes 
with  that  of  Terebra  ianefaij^eiMM,  tho  differenoes  in  ibe  ornamentation  arn  of  ro 
startling  a  character,  that  I  think  Martia'a  tigure  which  b  enhirged  was  not  well 
iofMti,  oiherwin  I  cnauk  nndrntead  how  auoh  an  acate  oliaerrer  aa  FnrfMaor 
ICartin  could  find  any  similarity  between  two  snnh  widely  difforont  sp(>ci(Vi  as 
Terebra  ftaiHla^flWti  and  Terebra  dmidiato.  The  figure  of  the  former  species 
ahowa  a  ihdi  oofaced.  vnifonaly  all  over  tlie  wborli  with  niiineroas  rather  sharp 
kagUndiDal  ribi»  iDteiaeoted  at  about  two-thirds  of  their  length  by  a  reTolving 
furrow.  Aooordinjj  to  the  descriplion  tli"  slu-ll  i-*  coveicd  with  loui^ifiidina!  striae 
(sStreifon),  the  strength  of  which  decreases  with  advauciug  age,  so  that  on  tho  ))ody 
whorl  thoy  appear  only  aa  modarately  dereloped  strito  of  growth.  The  description 
is  distinctly  at  variance  with  the  figure,  while  it  unquestionably  fits  to  the  features 
exhibitoil  by  Terehra  dimitUala,  Linn.'  The  tl^'iire  of  Terebra  hauiltingenais  must 
therefore  be  wrong,  and  1  further  think  lliat  it'  it  would  look,  as  depicted,  it  would  seem 
atnage  that  Prof HHor  Martin  would  have  oompared  it  with  Tert^a  dimidiata 
sod  not  with  T-yt!>ra  duplieata  with  wbicli  the  lii;ure  of  Terebra  bandnMgrMiiM show* 
the  ereatpst  Niniilarity.  Terebra  herk'nf  ii,  K.  M  irtin,  seems  to  bo  anntbor  species 
which  has  a  groat  sioularity  with  Terebruin  yrotitduplioatmn,  and  in  ti^iire  at  least 
wiOi  Tert^  hmadmietiieie. 

Terebra  Martin,  npppars  to  bo  also  related  to  Terehn  prntoihifUcnta  nnd 

Proff-sRor  Martin  compares  it  with  Terebra  b^ttardii,  Desh.  I  confess  that  I  myseU' 
considered  Terebrnm  prolodupUcatam  88  a  oloae  relative  of  Terebra  bemardii,  but 
nnlcaa  the  apedfio  difiereoeea  of  Terebra  da^tcaia  and  Ter^m  teraordK  ase  aet 
forth  better  than  in  Reo vr 's  nunograph,  notUng  oait  ha  aaid  about  ita  rahitioa  to  tbe 
foani  Terebram  protoduplioatum* 

Tbkebbuh  SHiTflX,  E.  MJOtin,  Fl.  XXII,  figs.  18,  IBs. 

ttT..  Vol.  Ill  p.  71.  pi.  V.  fitf.  :i. 

Zkrtira/>M«e(4i, NoMlioi;,  Mioeast  Kw*.  Upper  liaima,  Mrm.  (jell's.  Surre}'  of  luilia,  Vol. 
ZZTII.  P>  Mb  pU  IX.  (PMO  «). 

MHiSrRKMENTS. 

HaiiM  .  f 
W»ili       «  f 

None  of  the  specimens  under  examination  is  completely  preserved,  but  it  doej 

■  I  wtj,  bowcTpr,  r«cn>Tk  fcara  th*t  the  •fceioira  «t  TenHrmm  itmUiatmai  from  Oae  ladiali  (X'Mn  whieli  t 
OMnmrd  ph***  )h«  IntiKitidinal  riU  w>  fninily  JrTtl<ip«d  ll-.«t  tli»<  }i«te  iOt>'  "Iv  :iiKV-i!..i!»r.  ij  ulicn  tlm  ■<\  ell  Jors  not 
■^ir  t^lBi-gtr  wiiltVi  than  1'6  mm.  On  tha  other  hand,  Tertbmm  miurarium,  l«uik..  ciliiUt,  tlie  lungitndinal  rib*  f« 
longer  tiint  bfforr  tbry  die  oai  te  tie  rtpUoed  by  (inaw  eod  I  think  if  Ttr*hntm  baniawgt'ti*  ntUMs  tto 
I  MilaM  bf  Meith,  it  il  a«Mf  nIimJ  ta  IVritrMI  MmmWmi  Una  to  Ttrtlntm  dimiditUum. 

2  X  a 
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not  appear  as  if  tha  ahoU  attained  a  large  sise,  because  the  apical  angle  ia  rather 


The  shell  was  apparently  elongately  torreted  in  shapes  flonaiating  of  rather 
high,  but  flat  whorls,  which  slowly  increase  in  ln-i^ht  and  are  Bopamtod  by  a  sharp 
autare.  The  ornamentation  consists  of  namerous  longitudinal  ribs,  separated  by 
bccMid  Intentlflea.  A  deep  f  nrroir  which  mm  at  ahout  two>tbfada  of  ttfi  hdgbt 
pai^t^lM  to  the  suture  divides  the  ribs  into  two  sets.  On  the  anterior  portka  tfao 
ribs  aro  rather  Ions;,  slightly  onrTcd,  on  tbe  postflcior  one  abort  and  aUaJght. 

Aperture  not  observed. 

Oeotoffteat  eemmnet. — 

Zone  of  Caneellaria  mafHnkmOt  Minbo. 

Retn>ir^:fi.  This  species  bears  a  j^at  resemblance  to  Strioierebrum  protodw 
plicatum,  in  fact  it  almost  seems  as  if  it  were  impossible  to  separate  the  two  species, 
the  dMiaoter  of  tha  oraanMntailon  hdag  abnoflt  Iha  aamek  On  olonr  cominxisoii 
some  dififerenoes  can,  however,  be  disoorered  which  seemed  to  jnatify  a  specific 
distinction.  In  Strioierebrum  profoduplicatum  the  anterior  ribs  seem  to  be  straight 
and  not  curved  as  in  Terebrtun  tmthi,  while  the  posterior  ribs  appear  to  be  longer  and 
less  reduced  as  in  the  last  named  speeies ;  the  band  setoff  by  the  posterior  rerolving 
furrow  seems  also  hraader  in  SMotenHnm  pnMhifUeahm  lhan  in  AraiPMs 
twmthi. 

In  my  former  memoir  I  was  of  the  opinion  that  tbe  longitndinal  ribe  became 
weaker  with  {neteBaing  aiie  and  were  eTentaalty  sedneed  to  nun  atiink  I  luppaaed 

that  the  fragment  of  alarjo  shell,  4,  represented  the  same  species  as  fis:.  3.  I 
have  unoe  oonvinced  myself  from  a  closer  oomparison  with  living  species  that  tUa 
■new,  which  led  me  to  sappoae  that  the  ipedmen  mier  desoc^tloii  ii  Meatieal 
with  Terebra  Jtaaata,  Bron.,  is  erroneous.  The  nunc  of  Ttrt^rm  fttcato  mult 
therefore  be  changed  as  well  as  fig.  4  be  described  separately. 

Among  the  numerous  species  deocribed,  Tertbra  tmitki,  K.  Martin,  is  unqaei- 
tionahly  idmtieBl  with  the  apeeiee  hen  enmiaed;  the  ahape  el  flie  ihell  and  the 
oharacter  ef  the  oraamentatian  agiee  ao  wall^  that  I  have  no  dooht  aa  to  the 
identity. 

I  have  not  been  able  to  find  any  living  relative  among  tbe  fauna  of  tbe  Indian 
Ooaan  and  Tttehnm  $mUU  maj  pearhape  repraeat  an  extiiMt  type. 


A  llngle  fragment  of  a  very  elongate  shell  which  by  its  shape  and  the  character 
e(  onasMotation  seems  to  differ  fmn  all  other  species  has  been  examined. 

The  shell  waa  appnNotly  of  lalhar  a  large  else,  vecj  ^leogately  toneted  m 


The  spire  whorls  are  perfectly  flat,  rather  high,  and  being  separated  by  a  sharp, 
weltmadced  antme,  inoNaaa  AnAj  in  height.  The  onaiiMaiatlon  eoulita  of 
nvmeioaa,  eqwdiatant  longitndhMi  xibib  iqwrated  bjxatherhroadinlentioai;  flw 


laq^. 


Teeebrxjm,  spec,  1,  PI.  XXII,  figs.  19,19a. 


ataape,  as  the  npieal  anj^'le  is  bnrply  S". 
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larger  anterior  part  of  tho  ribs  is  raodoratoly  carded,  while  the  shorter  postedoc 
part  is  straight;  oa  the  earlier  spire  wliorls  each  rib  is  directly  in  continuation 
of  ooeof  tlie  preceding  whorisi  but  on  the  penultimate  and  body  whorl  ^equentlj 
aiMtlier  seooiidacf  lib,  vbieih  hMnooontiBiutiim  inapiisal  difaotton,  app«ut  Mwen 

imo  primnry  ribs. 

The  posterior  furrow  is  hardly  seen;  in  fact  it  is  marked  only  by  a  slight 
ooDOBTity  of  tbe  aorfaee  at  the  polat  nlwre  tiw  ribs  ehange  their  dircotian. 

Body  whorl  low,  exhibiting  the  same  omamentatioD  as  the  spin  wkoriBi 
columella  short,  twisted,  having  apipaientlj  ft  single  ooHumeUar  fold. 

Apertuie  not  obeeryed. 

Zone  of  Faraeyathin  caeruleut,  Yenangyai. 
M0mark$. — This  species  exhibits  such  a  threat  likeness  to  Strioterebrum  proto- 
tbtplieatum  and  Terebrum  tmUhi  that  it  was  with  soma  hesitation  that  I  separated  it« 
Batif  fluerii07<MmpM«diritlithieieiwoipesia%  ifcwillbewaaflttfeitdiffQnby  » 
mnoh  more  cylindrical  sh^pe  of  tbe  shell,  that  is  to  say,  has  a  mooh  smaller  apical 
angle ;  but  the  chief  diiTeienoe  exists  with  regard  to  the  posterior  furrow  which  is 
well  developed  in  all  the  speoias  here  described,  while  it  is  scarcely  indicated  in 
Arwdnm  speo; 

These  characters  are  quite  sufficient  to  distinguish  it  from  any  of  the  others, 
and  to  prove  it  to  be  a  new  speoics,  bttt  owing  to  its  fiagiiMntary  state  I  lefcained 
from  giving  it  a  new  name. 

SUBCLA,  SPEC,  PL  XXII,  fig.  20. 

IBM.  nrthvflueat*,  NoettioK,  Miomh*  Fon.  Uppor  Bnnsii,  Mom.  Gtotof.  Bvfif  af  lofil,  MS,  TsL 

XXVII,  p.  S»,  pi.  IX.  fig.  4  (non  3,  3o). 

Only  a  few  fragmentary  specimens  of  this  species  have  come  under  ezaminaa 
tion,  but  the  oharaoters  exhibited  are  suffideut  to  prove  that  they  represent  % 
speoi«s  different  from  those  hitiurto  described. 

The  shell  must  have  besn  of  lar^^'o  size,  basMNe  the  largest  spedaMnkM  a 
width  of  about  15  mm.  while  the  apical  an2;le  appears  to  be  rery  small. 

The  whorls  are  flat,  rather  high  and  separated  by  a  deep  suture ;  a  shtip 
and  deep  fianow  wUbbnms  at  about  tw(».ddida  of  the  hel|^t,  paimUel  to  tin 
suture,  sets  off  a  large  and  broad  posterior  band*  The  OVMmuiltaittlNl  eOQiistS  of 
numerous  engraved,  elongately  8-sliaped  lines. 

Apegrtme  not  observed. 

Zone  of  Cancellaria  martiniami,  HfadHk 

Zone  of  Arioia  k»mero§a,  Thayetmyo. 

Zone  of  Cgtkerea  erj/cuia,  Prome. 
Amortfc— It  b  BQit  vntMrtanatB  ttal  flia  few  speeiinana  wfaUh  lum  eoma 
vndw  examination  are  in  iDoh  a  fragmentary  state  of  preservation,  that  it  is 
impodble  to  say  anything  mora  about  the  lelationship  of  this  spociss.  It  is 
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nnquestioiiable  that  by  iU  size,  but  particularly  bj  tbe  Bmooth  toifaoe  of  the 
whorl«>  destitqte  of  any  longitudinal  riba  and  ezbibiting  only  itiiai  of  grawili,  tliis 
apeoios  differs  from  all  the  other  speeim  here  desoribed.  On  the  other  hand  the 
probability  that  tbe  fra-^monts  represent  tbe  youngest  whorls  of  a  species  wliicb  on 
the  earlier  whorls  was  provided  with  longitudioal  ribs  cannot  be  denied.  Instanoea 
otspeiaka  lik»  Tertki^  dimidiatmi  Lin.,  or  rarrtna  mumtrh,  Imk.,  mhmh  exUbit 
atfong  longitudinal  tibaflfli  tbe  earlier  whorls,  and  become  smooth  afterwards  axe 
frequent.  It  seems  to  me  very  probntilo  that  tbe  specimen  of  Terebra  bandaugentit, 
figured  by  K.  Martin,  pi.  IT,  fig.  lu,  is  idcutical  with  the  species  h«ire  de^cribfd. 
If  thia  be  the  oaae,  ft  would  be  identieal  with  Tert/bra  bemdM0e»ri$.  Doubta 
ntiyt  however,  bo  permitted  whether  Frofe8<ior  Martin's  view thftt  fig.  10  represents 
the  younger  and  fig.  U  the  earlier  whorls,  is  correct,  None  of  the  specimens  figured 
exhibits  that  omaotcntation  which  is  said  to  obaracteriae  Terebra  bondangett- 
fb^  Tk.»  kng^tudioallj  libbted  eadiert  and  anovth  later  wborla.  7ig,  9  whieh 
apparently  exhibits  tbu  body  whorl  is  libbod  tlirou^'bout,  while  l}g«  10  shows  cmly 
the  striae  of  growth,  but  no  longitudinal  ribs.  ThH  probability  that  figs.  9  and  10 
represent  uot  diOeront  »tagt  s  of  one  and  the  same  species,  but  diQerent  speoies 
attogether»  k  not  eatbety  diqiroved  bgr  the  esMIng  evidenoet  aq&  a  ravijied 
tstnumJSim  of  Tereibra  itmdeuige»ri»  would  be  advisable. 

Genua:  VLEVBOTOMA,  Lamarok. 

The  gmras  Plewnhma  has  been  split  up  by  zoologists  into  a  number  of  sub- 
genera, and  though  nolMdy  examiniug  a  larg -r  munber  of  species  will  deny  the 
justification  of  such  a  procedure,  it  is  extremely  dillioult  for  the  pnl:eonfolo£,'ist,  who 
has  only  in  rare  cases  well  preserved  specimens  to  esamine,  to  decide  to  which  sub- 
gaana  a  given  apeeba  belimga.  But  when  the  apedmena  whieh  are  to  be  examined 
are  not  well  preserved,  it  is  almost  impos.sil)le  to  decide  on  ita  proper  position. 

On  the  following  pages  ten  species  have  been  desoribed  which  represent  five 
different  sub-genera,  vit.:  — 

fttBfUoma,  •  ■.,  t«irarok 

1.  PUurohma  Z-arWIM^  SpsS.  BW. 
tf«r«Wa,  U.  BDtl  A.  Adanu. 

tfSMAs,  H.  and  A.  Adams. 

t.  Qnula  irrafoJiat,  NoaUiog. 
Cbntfols,  Lamargk. 

4b  CItttttml*  mmuga,  gpec.  DOT. 

C<       J,      ffUmimat*,  ^iegsr. 

ft.       w     pnhmi^tn^  tpee.  nw. 
l^WUjSfOmj. 

f.  IhiUia  jenantHtit,  Noatliog. 

9.  prvnemif,  b[i«>.  nov. 


oiyiii^uG  by  Google 


FAUNA  OF  THE  MIOOBNE  BBDB  OF  BUBUA. 


848 


From  the  above  list  it  ii  obTione  tbat  a  tjrnopllcd  tebto  wanUbe  inopportane 
inasmuch  as  only  two  Mib*geiieca  aie  npnieiited  I7  moie  than  one  epetdeik  vk., 

Clavatula  rinfl  IJritU'i. 

The  suh-geuus  Clavat  ila  iocludes  a  large  numberof  species  vhioh  appear  to  be 
ilietingiiiBbed  by  eoeh  a  large  Tiriety  of  featurei  tbat  It  k  ahnoit  fmposeible  to  find 

characters  common  to  all.  Bellanii  in  In"-*  sjOendid  mono2:rnph  enumerates  the 
features  by  wbioh  ClavaUda  is  to  be  reoagaizod,  but  1  oaunot  help  tbinkiDg  that 
the  definition  it  rather  vague. 

I  described  here  tbiee  speoies,  tiro  of  irhieb»  OlM^M$t  mmga  and  CtnuMm 
fvlminata,  are  so  closely  rflattil,  f !iai  at  the  first  glance  they  raifl;lit  ])o  considered  as 
identical ;  the;  are,  however,  readily  distioguisbed  by  a  deep  broad  fissural  furrow 
wbiob  is  visible  on  all  the  vhorls  of  Cleeaf  Nta  /uiswnala^  irbile  if  prasMit  at  all 
in  Clavatula  mtmgot  it  exists  only  during  the  T^repbio  Stsge  and  disappears  soottt 
the  whorls  thereby  becoming  plane  and  evctifiirilly  convex. 

Clacatula  prolonodifera  on  tlie  other  hand  represeuts  a  perfectly  difierent 
group,  by  possessing  a  granulated  keel  oa  the  anterior  end  of  the  whorls  iirbiQif 
per»i!«ts  in  the  ephebio  stage,  while  in  the  two  provious  .<tpocies  it  is  in  existenee 
during  tbo  hr>'pbic  stage  only  ;  this  feature  is  a^nortaii^t^d  for  CUwtiivlafyklliimtt9 
while  it  is  very  probably  existent  in  Clatatmla  munga. 

Ibe  three  speOles  can  tbenlgimbe  dlstingnished  as  folbwa:— 

A.  OranuloM  kael  i»i«tin|;  only  dnriiiip  th*  brepUs  staga 

(•)  Surface  of  nliorU  concave^ 

1.  Clatatula  fulmiuata,  tg^Wtt, 
(i)  Surface  of  whorl*  plane  or  ooBTttu 

S.  eitntMa  mmnf,  ^m.  nev. 

B.  GfSAnloaB  keel  persiitent. 

3.  Claralali  fTotmodiffTn,  spec.  iiov. 

Thesttb'genus  DrilUa  is  characterised  by  species  baring  a  short  body  whorl  in 
comparison  ton  kag  tUNted  spire,  and  IliB  fonv  apeoios  iMn  dsMitibed  represent 
almost  M  many  groups.  These  apedes  can  be  fiatiaguiahed  as  loUowa  >-> 

A.  8arfac«  of  whorls  with  rerolTing  keels. 

(«)  Only  two,  oharp  eroootli  keels. 

1.  Drillia  protoeineta,  specner. 

(I)  Several  keela,  one  ef  which  ii  granahss. 

2.  Driliht  fenaaruti',  Noetlillg. 

B.  Surface  with  strong  longiiudinal  liba. 

S.  JM/Ai  frHatnUnupUf  spss,  mn. 

C  SnfaoB  with  numerouB  fine  revolving  chordg  'ntwttiHl  hf  iae  loBgitndiaal  ribi. 

4.  Driilia  promtntit,  »pec.  nov. 

K.  Martin  ennmcrates  36  species  alto^ther  from  iliocene  bwls  of  Java  and 
Somatra;  it  seems  very  remarkable  that  none  of  the  species  here  described  exhibits 
aB7  almilarity  with  any  of  those  species ;  the  only  speoiaa  Hrhieh  boar  a  distant 
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fBMNnUmoe  m  SmctOa  fedM  aad  AwwnI*  MmmmmIv,  Hutia;  tlie  Itttflr 

species  exhibits  the  same  ornamentation  of  the  spire  whorls,  t>it.,  four  strong 
revolTing  chorda  separated  by  rather  broad  iatentioea,  but  tbe  species  from  Java 
appears  to  have  a  perfectly  differaot  shape. 

The  lelatbiuhip  of  these  ten  spedes  Is  rather  a  Temarkable  one,  no  lifing  re- 
tires could  bo  traced  of  six,  viz.,  Pleuroloma  (»  •  )  karenaicn,  spec,  nov.,  Surcula 
feddwit  Noetling,  Oenota  irravadica,  Noetling,  Clovatula  munga,  spec,  nov., 
JMUia  fftmutetuU,  Noetling,  Drillia  promwtia,  spec  hot.,  though  it  is  possible 
that  a  few  auij  IwTe  their  nearest  relatives  among  the  fauna  of  the  Miooeae  of  JaTa^ 
and  they  oiaj  even  be  idnntical ;  it  is  very  probable  that  they  represent  eKtiaflk 
types,  the  Bsuert  lelatives  of  which  occur  in  tbe  older  Tertiary  beds. 

■  One  speoies,  Ol^vatilofklmiHaia,  is  identioal  with  the  living  species  of  the 
nine  aanM^  while  tve  others,  Clavatula  protonodiferot  ijioo,  hoy.,  Drillia  proto- 
efisoifl^ipeo.  nov.,  arc  so  closely  related  to  living  species,  differing  only  by  smaller 
iiie  and  more  delicate  ornameatatioa,  that  they  must  be  considered  as  their  direct 
aaoeston* 

The  last  named  species,  Otavatula  protonodifera,tifBa,  noiV.tiB  the  most  interest- 
iog  of  all;  while  it  is  certain  that  it  roprnsouts  the  permanent  neanic  static  of  the 
living  Pleurotoma  nodtfera,  Lmk.,  it  is  almost  equally  certain  that  it  is  identical 
irfdi  PlMMlAM  (ftwiib  Gray,  wMflb  Ii  at  pKMsnt 


FuuBOfOKa  (a.  i.)  gawwaiCAi  ipee.  nor.,  PL  XXXS,  flge.  tU 

HsiBumium. 

flfll^t  16  Bin* 

i|Mn#s.    .  ar 

TlieaheUisof  eaHBilseifuifamiB  ehapeand  oompoaedoCa  Ug^  toneted 

qiife  end  a  fairly  high  anteriorly  strong  oonlnated  body  whorL 
Bmhryonic  whorls  not  observed. 

ThespireconsistBOf  not  less  than  7  flat,  fairly  high  whorls,  which  inoieasing 
dowly  in  Iwight,  are  aepanted  hf  an  iU-narked  entore.  The  poetetior  portioa  of 

the  snrFacc  is  deeply  excavated  by  a  rather  broad  furrow,  corresponding  to  the 
labral  slit,  and  marlced  with  numerous,  olosely  set  curved  striee  of  growth,  but 
tbevB  is  no  detaohed  keel  close  to  the  ratoie*  Tbe  omameatation  oouiita  of  three 
revolTing  keels  of  different  strength  and  appearance ;  No.  1  and  No.  2  are  close  to 
the  anterior  end  just  above  the  suture;  both  arc  smooth,  rounded  and  separated  by 
a  very  narrow,  sharply  engraved  furrow  j  Mo.  3,  which  is  separated  by  a  slightly 
braader  intesrtioe  ftom  Na    ia  tl^  almost  of  the  ■lHng& 
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together,  rounded  and  set  with  stroog  regular  graaulea  separated  by  narrov 
iatamb;  imaeliKiiBly  behind  Ko.S  follows  the  fwroir  which  is  set  with  a 
Bimbet  ci  Am  gnnnloM  obofda. 

The  body  whorl  oompies  nhmit  half  of  the  total  height ;  its  posterior  part  i« 
Tcntricose  and  rather  low;  anteriorly  it  is  suddenly  contracted,  terminating  in  a 
long  basal  oanaL  The  ornamentation  differs  somewhat  from  that  of  the  apin 
wh«w]B;  the  thick  led  No.  8  is  aplit  up  in  two  parte  by  a  fine  fwrow.  indioatiou  eC 
which  could  just  he  noticed  on  the  panultiinata  whorl;  Nos.  1  and  2  whildl  ftie 
a  little  wider  apart  have  become  granuloee^  and  in  froat  of  No.  1  there  is  another 
greanlofie  heel,  marking  the  point  at  whiohthe  body  whorl  suddenly  contracU.  The 
basal  canal  is  covered  with  a  number  of  itnBg;  equidialaitt  granaloee  Nnralrii^ 
keels  separated  by  rather  broad  interstices. 

Aperture  Dotobaerved«  probably  square ;  anterior  canal  long  and  narrow. 

QeoU>giealoo<mrr»moe^ 

Zone  of  Jroa  HeoioM,  Kama. 

Bemarki.—At  the  first  glanoe  this  species  idght  he  mlstafesft  for  JPUwotomm 
protonodifera,  but  a  closer  examination  will  prore  that  it  ilifTorsby  \U  ornamenta- 
tion, consisting  of  a  strong  graoulose  keel,  in  front  ol  which  thero  are  two  other 
aauB»  smooth  on  the  spirts  bat  grannkee  on  tin  bodf  whoil,  and  theio  is  no  ksel 
behind  the  furrow.  In  Ptettrotoma  protonodifera  we  hare  only  ono  gminliise 
keel  close  to  the  anterior  end,  but  a  strong  smooth  keel  behind  the  furrow. 

K.  Martin  described  two  species,  Pleurotoma  tooodwardi  and  Fleurotonut 
mron^ertt  whiek,  as  tiieantlior  hiaaeU  stetei^  are  so  dosely  relstsd  to  eaoh  other 
that  a  specific  distinction  appsars  diffioolt;  at  the  first  glanoe  both  seem  very 
tfmilar  to  the  species  under  examination.  Particularly  if  it  were  supposed  that  the 
ratare  runs  between  keels  Nos.  2  and  3,  in  other  words,  that  keel  No.  3  would  be 
No.  1,  and  Nos.  1  and  2  would  he  Nos.  S  and  8»  or  that  keek  Nos.  1  and  2  initeed  of 
being  on  the  anterior  end  of  the  whorl,  would  be  at  the  posterior  one.  I  could, 
however,  ascertain  that  the  suture  ruos  as  above  described  and  that  the  sequence  of 
the  keels  is  as  stated.  PlturatomM  harmwica  is  therefore  easily  distinguished 
from  both  PlMfwIosta  sooodieNM^  and  FUmntomm  oo/rmOftru,  by  the  ahaenoe  of 
keols  at  tlip  posterior  end,  and  by  their  prespacp  at  the  anterior  one. 

Among  the  living  species  JPleuroivma  kienerii,  Eeeve,  from  the  Indian  Ocean, 
seem  dosely  idatsd,  having  alio  few  keels  in  front  <tf  No.  8;  these  keels  are, 
howorer,  rather  sharp  and  thio,  not  roonded  as  in  Pleurotoma  kareniica,  separated 
by  broad  concave  interstices  which  bear  a  few  filiform  chords;  keel  No.  3  is  fiistinctly 
snbdivided  into  three  finer  ones,  the  concave  band  behind  it  is  covered  with  sharply 
nlhed  ohords^  sepsrated  by  rather  broad  interstiees ;  along  the  posterior  end  runs  a 
rather  strong  and  sharp  keel,  which  is  particularly  conspicuous  on  the  earlier  spire 
whorls.  It  seems  therefore  rather  doubtful  wh(>thor  there  is  zeaUy  a  celationahip 
between  Pleurotoma  kienerii  and  Pieurotoma  karenaica. 

I  have  not  been  able  to  diseovor  any  other  idativss  of  tbia  ^eolsB,  wUeh 
probably  raprewnts  an  eztinot  type. 
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8raOVi.A.  TiSBEMl,  Noetling,  PI.  XXII,  figs.  22,  22a,  23,  23a,  24,  24mi. 

MM.  WatMMm  JUMmi,  Vt\\\ot.  Uiocnf  Fom.  Upp«r  BnnD..  M«»  0«lv.  Sawf  oT  blk,  UM^ 

Vai.  XXVII.  p.  SS,  pi.  TIIL  fic*. «.  4«. 

ISM.  f/iMtlMi*  wfttf/to,  MvttUab  HitMM  Vm.  Vfftr  BiMMt  HMk  OMloit.  tamy  cf  Mh, 
TaL  XXTU.    41,  pi.  Z.  lih  1. 1«.  ^  If. «. 

No  oomplete  specimons  have como  under  examination.  Nothing  can  therefore 
bf  saiil  witli  rei;ard  to  the  measuroineiit<,  thoui^h  it  seems  that  tlie  shell  did  nttaiti 
ooly  a  moderatelj  large  bize.  lU  Hha|M;  in  fusiform,  and  it  ia  ooiupoTied  of  a  hic;h 
eleratod  apifa  and  a  long  sntoriorlj  oonttaeted  bod^  wborl. 

The  spire  whorls  are  Tentrioose,  heZMigular  in  horizniital  section,  and  separated 
by  a  deep,  somewhat  undulating  suture.  The  omauientation  consi>t.s  of  .<<ix  thick, 
rounded  longitudinal  riba  separated  bj  btoad  ooncaTe  interstices,  and  five  sume^ 
what  angolar  KvolTiog  keeh  modflnte  etrengtli.  four  of  whioh  are  leetrioted  to 
the  anterior  portion,  while  separated  bj  a  broad  smooth  band,  the  fifth  runs  close 
to  the  suture.  Ihe  anterior  keels  are  separated  by  broud  interstices,  set  with  very 
flue  TorolTing  lines.  The  posterior  port  of  the  sorfMe  whMi  b  dightlj  conoaTe  is 
free  of  any  ornamontatioii  and  forms  a  very  charaotariitia  imootll  baad  whioli  on 
the  body  whorl  bears  fine  concave  stri:e  of  ijrowth. 

The  body  whorl  is  rather  high,  ventricose  at  the  posterior,  contracted  at  the 
anterior  end.  The  omamentatioa  is  the  same  aa  on  the  bodj  whorlt  oafy  that  the 
whole  surface  in  front  of  the  smooth  band  ia  oorarad  with  xerolTiag  keels. 
Anterior  canal  apparently  rather  long. 

Aperture  not  observed. 

Geohgieml  oeeurrenoe.—' 

Zone  of  PoiwefeMM  e««n»lMM^  Tcaaagyai 

Zone  of  Vancellarm  marliniana,  lliubn. 
Zone  of  Area  theol/aldi,  Kama. 

Acinar/;*.— In  my  preTioua  memoir  I  descril>ed  tiiis  speuies  as  a  Faaoiolaria, 
but  having  aiaee  diaoorend  the  ooneare  strfn  of  growth  on  the  anooth  band  of  the 
poiterior  part  of  the  whorls,  indie  itinu'  a  !«Iit  at  the  aperture,  tbegeaerio  name  ainat 
be  chanired  as  it  unquestionably  belongs  to  the  genua  Pleurotoma. 

The  specimen  which  I  figured  on  pL  X,  figs.  1,  la,  under  the  name  of  Drillia 
inHrm^  iaa,  on  eompaiiaon  wiUi  the  batter  pieaerred  apeeimena  hvm  Kama, 
pioved  to  bo  identical  with  this  species. 

Surculofeddeni  has  a  distant  relationship  with  Pleurotoma  {Surculn)  bnntn- 
mentiSt  K.  Martin,  inasmuch  as  the  ornamentation  of  the  whorls  appears  to  be  the 
aama.  The  apedea  from  Jam  difarm  howevir,  by  a  dfibrant  ahapa  of  the  ahelL 

I  have  not  been  able  to  discover  any  further  living  or  foaaU  idativea,  and 
Surcula/ettdeHi  most  probably  lepresonts  an  extinct  type. 
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QmoiA.  iBB4TA9»u,  Kocttbg,  FL  ZZH,  figi.  16, 260,  S0^  S6«. 

IMI.  .WiwIuM  <Oj»«wiiMi|  hMmUht,  HoeUing.  MlMm«  Fn«  Upprr  Bm^  VtM.  Oidat.  towj 

of  Indk  T<i1.  XXVIL    41.  pL  IX,  figi.  6,  ft*. 

The  three  opeoimens  which  bare  oomeiincler  ezAmination.  are  rather  fragment* 
ary,  and  no  meaaaremento  oould  be  taken,  bat  it  seems  that  the  shell  attained  a 
Ctirlj  modfliato  glM.  Xtsaliapeii]idtrifom»1wu|(oottpMed  of  aUghsinre  and  a 

twy  liisrli  h(H\y  whorl. 

Eiuhryooic  whorls  not  observed. 

Only  two  spire  whorls  an  proMrrad ;  these  ar«  slightly  angular,  rather  high, 
aad  qnioklj  inoraaaing  in  atnngth  are  Mparatcd  by  a  sharp  sutare.  An  indfatinot 
lOOnded  keel,  which  nins  near  the  suture,  seta  ofT  a  small  posterior  pnrt,  ^ntly 
alopiag  towards  the  suture  from  a  larger  anterior  one.  The  keel  wtiioh  oorre- 
apondi  to  the  hbral  slit  is  set  wHh  about  six  fine  xerolving  chords  separated  by 
linear  interstices ;  behind  those,  and  close  to  the  suture,  are  two  strongly  raised 
linaar  revolving  keels  separated  by  a  furrow  of  the  samo  breadth  as  one  of  the  keels. 
Tba  anterior  portion  hears  about  live  tine,  revolving  keels  separated  by  broad  inter- 
stioes.  These  keels  ate  erassed  hj  faint  longitodinal  riht,  whioh  ace  somewhat 
irrfgular  in  strength  and  separated  by  ftdrly  bfoad  interrals,  pradnoe  ill-mailMd 
nodules  at  the  point  of  intersection. 

The  body  whorl  is  very  high,  flattened  and  only  slightly  oocuminate  in  anterior 
diceotion.  The  ornamentation  is  the  same  as  on  the  spire  whoris,  only  that  aoooid- 
in^  to  the  c^renfer  lioiglit  of  tlie  anterior  portion,  there  are  aboat  IS  strong  rsTolT- 
isg  keels  se]>urated  by  broad  interstices. 

Aperture  not  observed. 

Oeologiedl  oeemrtHC*.— 

Zone  of  MfWut  nssoioi'leaf,  Binga. 

Zone  of  Caucellaria  mariimona,  Minbu. 

Semarks. — This  species  is  easily  distinguished  by  its  mitriform  shape,  and 
peculiar  ornameutation  from  all  the  others  here  described.  Though  having 
oatefolly  sssrobed  for  ai^  speeies  whioh  could  be  compared  to  O0nota  <rr«mnM09, 1 
failed  to  discover  any  relatives ;  there  is  therefore  the  greatest  probability  that 
it  represents  an  indigenous  type  whioh  is  extinct  among  tlie  living  fauna  of  the 
Indian  Ocean,  but  most  probably  has  its  nearest  relatives  in  tho  fauna  of  the  older 
Tertiary  beds. 

CLXY^TVhX  MCMOA,  spec,  nov.,  PI.  XXIII,  figs.  1,  la. 

AlSiSDESHENTS. 

Hfir^t  .  48  an.  (mf«s.}. 

Width      .      .  SO  ,» 
Apiwl  >ngU      .  60' 

The  sliell  is  of  a  taxtlj  laige  sise,  fusiform  in  shaps^  consisting  of  a  high  turreted 
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spire,  and  large  renttiooaa  body  ulunl,  abrnpUy  «oiitneted  aand  teniiiitttiiig  in 

nther  a  short  canal. 

Embryonic  whorls  not  observed. 

The  spire  oonsists  of  probably  7  to  8  fairly  high  wborU  which  increasing 
dowly  fa  height  ub  M^uatod  by  ftriiarp  lutnxe.  The  earlier  whorls  are  slightly 
ooncaTe,  but  they  beooaM  gradually  Bat  and  the  peanltiaiata  whofl  iafWily  budging 

out.  The  ornamentation  consists  in  mimr'roii<;  very  fine  rctriilrar  reTolvinij  lines 
wbiob  apparently  cover  the  whole  surface  and  are  separated  by  finely  engraved 

Iba  body  wbod  is  large  and  ooonpioa  a  little  over  balf  of  the  total  height;  tlie 

posterior  end  is  broad,  inflated  but  distinctly  flattened  ;  anteriorly  it  is  suddenly 
oontracted  and  terminates  in  a  short  canal,  which  equals  in  height  the  posterior 
part.  The  ornamentation  was  prohaUy  the  same  as  on  the  spire  whorls,  but  it  is 
alto  probable  that  the  snrfaee  waa  smooth  and  exhibited  only  atri»  of  growth. 

The  stri;i-  of  trrowth  arc  numcrou"-,  very  closely  set  and  form  a  deep  and  broad 
sinus,  which  is  situated  slightly  b^nd  the  middle  of  the  posterior  portion  of  the 
aorfaoe. 

Aperture  not  well  foen,  bnt  probnMy  latber  smalli  obaBweiy  reotangnlar  in 
shape;  the  anteiior  oanal  is  very  short  and  nairow. 

Qeologieal  occurrenee.— 

Zone  of  Parnllelipipfdum  prototortnognm,  Kama. 

Jtemarka. — The  only  specimen  which  has  come  under  examination  is  unfor* 
tnnately  oonnderably  rolled  and  worn.  It  trae  tlMnfoM  only  by  the  mamt 
aooident  that  tho  ornamentation  of  the  spire  whorls  remained  preaorred  on  n  souU 
pjrt,  but  it  is  imjjossiblo  to  say  whether  this  ornamentation  also  extended  On  tlie 
body  whorl,  or  whether  its  surface  is  smooth  a.s  it  appears  to  have  been. 

Clavatulck  mmga  is  easily  distinguished  from  all  the  other  species  here 
dflseribed  by-  an  almost  smooth  snrliaee,  destitute  of  any  longlti^iial  tibt  or 
tnbevidiB^  it  bears,  however,  a  groat  resemblance  to  Clavatttla  fulminuta,  but 
thongb  the  shape  i«  muoh  the  same,  it  differs  oonsideiably  with  regard  to  the 
whods  and  thriv  Qmamwitation.  In  Ofoeafiilo  fuimkula  the  whocla  remain 
oonoavo  tbioaglioiit,  even  the  body  vliort  exhibits  a  broad  though  flat  fnmv  on 
its  posterior  pert;  in  ClavaMa  munga,  only  the  earlier  whorls  are  ooncnvo,  the 
middle  que  whoris  are  flat  and  the  penultimate  as  well  as  the  body  whorl  are 
Tcnttioose.  In  ChvaMa  mwit^  the  ornamentation  eonsists  of  very  fine  revolve 
log  ksdSf  separated  by  linear  engraved  interstices  ;  in  Clavatula  fulminata  the 
anterior  part  of  the  earlier  spire  whorls  is  set  with  short  tuberoleSj  and  the  revolv^ 
ing  keels  are  limited  to  the  concave  part  of  the  surface  only. 

Clatatula  munga  unquestionably  represents  a  type  which  is  extinot  among  the 
present  fauna  of  tbe  Lidian  Ooeaa,  and  aa  I  bare  not  been  lible  to  disoover  any 
fossil  relatives,  it  Js  ptobeUy  ft  speciss  vUdi  has  iti  letaftions  in  the  older  Xeitiaiy 

beds  of  India. 
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O&ATATDLl  WUIMOIMk,  KisiMr,  It^ULUl*  llgi.  1^  Sc. 
1S4S.  P«iiiw(m/UMM«ii,BarakMMtf»|kalfWfliBMi>fa<if^ 

The  only  specimen  whicli  has  come  under  examination  is  partly  mutilated, 
and  as  it  is  still  imbedded  in  the  matrix  from  wUich  it  could  not  be  Lreed  without 
braakiDg  it,  no  mMUMueoMittt  ooold  be  takm. 

The  shell  attained,  however,  a  fairly  large  size,  as  the  fragment  measnnt 
29  mm.  in  length  ;  it  is  fusiform  in  shape,  composed  of  a  high  and  tainted  t^n 
•od  a  body  whorl  terminating  apparently  in  a  short  oanal. 

Bmbryonlo  whorls  not  ohawred. 

There  arc  three  spire  whorls  preserved,  which  arc  rather  his:h,  but  increase 
dowly  in  height  and  are  separated  by  a  sharp  suture.  The  surfaoe  of  the  whorls 
ii  oonOKve^  bom  a  broad  flat  funow  wbkk  ou  the  earlier  whorla  nuu  apparently 
In  the  mjddla,  but  shifts  its  plaoeom  Cke  later  wlioria  aoaieirtiat  ia  ]NNtail«v 
tion  ;  on  the  earlier  whorls  the  furrow  is  rather  deep,  but  becomes  gradually  flatter. 
Ihe  earlier  spire  whorls  differ  cooaiderably  from  the  later  ones  with  regard 
to  tbe  omameolation ;  oa  the  wrUer  ones  there  Is  a  single  line  of  strong,  a  little 
oblique*  tubercles  on  the  anterior  part  of  tbe  surface,  quite  close  to  the  suture. 
These  tubercles  have  perfectly  disappeared  on  the  penultimate  and  the  preceding 
whorl  which  are  therefore  perfectly  smooth,  except  for  the  revolring  ornamenta* 
tion.  The  eailier  whorls  seem  to  be  oorered  all  ore*  the  surfaoe  with  very  fine 
lefolfing  ohordsb  separated  by  linear  Intersticos,  the  number  of  these  chords 
apparently  decrease  \ntli  advancing  age,  and  with  the  dissppearance  of  the 
tubercles,  the  chords  become  more  and  more  restricted  to  the  concave  central  part 
of  tiie  surfaoe.  On  the  penultiinate  whoil  their  nmuber  is  still  more  rednoed  and 
the  greater  part  of  the  surface  has  become  smooth  ;  on  the  other  band,  numerous 
closely  set,  very  regular  atnaa  of  growth  baoomo  mora  j^nunent  thaaoa  the 
preoeding  wborls. 

The  body  whorl  is  fsidy  laigOi  ite  length  bring  probaUy  tiw  saaaeas  that 

of  the  spire;  the  posterior  part  is  broad  and  inflated,  the  anterior  one  contracted, 
forming  an  apparently  short  onnal.  The  furrow  excavating  the  surfaoe  has  hesome 
Tery  flat,  though  it  is  still  quite  distinct  and  runs  now  close  to  the  aufar^  above 
the  lahml  slit  The  posterior  part  of  the  sorisfle  is  almost  smooth;  only  a  fow 
indistinct  revolving  chords  can  bo  seen  in  the  furrow,  while  on  the  other  part, 
faint  engraved  lines,  separated  by  rather  bioad  intorstioes,  become  visible.  The 
anlHlor  ooBtraotsd  part  is  oofwed  with  »  number  of  liirly  strong^  rounded 
koei^  separated  by  broad  inlenlhNS  wbioh  are  flUed  up  by  fine,  little  sinuous 
lines.  The  striie  of  f^rowth  are  numerous,  closely  set,  but  very  regular  and  fln^ 
forming  a  broad  and  deep  sinus,  the  apex  of  which  is  just  in  front  of  the  furrow. 

Aperture  not  observed. 

CMtgtttttl  occurrence. — 

Zone  of  Mytilut  nicobarimu,  Singu. 

.firmar/ts.— This  species  is  so  oloeeiy  rebted  to  OtavaMa  mu»fa  that  at  the 
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flnt  glance  it  might  be  mistaken  for  that  species.  It  \s,  hoveTor*  eauly  distin* 
guished  by  the  concave  whorls,  a  feature  wliicli  is  s^llll  well  seen  even  on  the  body 
vhorl.  In  addition  to  this,  the  oroameutation  readily-  distinguishes  OalvaMa 
fuMaatu,  though  I  admit  that  it  will  be  diffloalt  to  sopante  tolled  apeofanaia 
of  both  speoies.  But  88  it  seems  that  Clavatula  munga  occurs  only  ia  tha  loiia 
of  Parallftipijiedum  protoiortumum,  while  Clavatula  fulmimfn  is  restricted  to 
the  zone  of  Mytilut  nicobaricut,  and  as  in  hoth  horizons  no  similar  species  occats, 
the  determination  e?eii  of  rolled  epeotmeae  ehonld  aot  bedoabtful. 

I  have  boon  able  to  compnre  a  specimen  of  Clavatula  fulminata  from  the 
Indian  Ocean  which,  though  it  appears  to  be  slightly  rolled,  exhibts  exactly  the 
same  obaraoters  as  described  in  the  foesil  specimen ;  the  broad  furrow  which 
eaaalicnlates  the  whorta  and  whioh  peirists  np  to  the  apeftoia  is  aa  well  aiadced 
ae  tile  row  of  granules  at  the  anterior  cud  of  tlio  spire  whorls,  and  the  anterior  part 
of  the  body  whorl  exhibits  the  same  rcTolving  stiiir,  the  interstices  of  which  are 
Oflftuoied  by  finer  ones  aa  noticed  on  the  fossil  specimen. 

CiATATOiA  paorrovoiOFXRA,  spec  nor.,  I'l.  XXin,  figsi.  8,  d«,  4, 4a. 

)W6.  TUmntmmwfid,  Wartttnr.  Miaenia  fnw.  VrTW  BanM,][MB.  6««laff.  Somr  «f  Tndfa,  188^ 

V,.|.  XXVil,  V.  Jil,  1,!.  IX,  flit.. 5,  3a. 

None  of  the  i|MeimoD8  is  suQlciently  well  pretterred  to  allow  for  measure- 
ments;, bat  it  seems  that  the  ehell  attained  only  a  modenta  etia.  It  fii  fiuiform  ia 
ahapa«  eomposed  of  a  high  turreted  spire  and  a  low  bodj  whtnl,  tarminatiwg 
appannily  inin  a  short  basal  canal. 

Emlvyonic  whorls  not  observed. 

The  number  of  ^ire  whorls  coold  not  be  aaoeilained,  but  thej  aeem  to  have 
been  fairly  nameroni,  rather  high  and  separated  by  aa  induittnet  suture  ;  the 

surfaco  is  deeply  excavated  by  a  broad  furrow  running  on  the  posterior  part,  cloae 
to  the  suture,  but  being  separated  from  it  by  a  strong  angular  revolving  keel. 
The  ornamentation  eonrirts  of  aline  of  laterally  compreaeedt  veiy  short  longitudinal 
ribs,  on  the  anterior  part  close  to  the  suture.  These  libli  which  on  the  earlier 
whorls  take  tlie  shape  of  tuherolos,  arc  slightly  oblique  and  are  separated  by  regular 
equidistant  intervals.  The  whole  surface  is  covered  with  numerous  iino  re\  olTing 
obords  eeparated  by  linear  iatentioee. 

The  body  whorl  is  appamntly  short,  the  posterior  part  is  ventricose,  the  anterior 
one  contracted,  forming  an  anparontly  short  basal  canal.  The  flue  reTolving  chords 
are  hero  replaced  by  sntocwhat  irregular  rcvolviug  keels. 

Aperture  not  obeerred. 

Geological  occurrence.— 

Zone  of  llylilM  ttieobarieus,  Singu. 
Zone  of  Cancellaria  martimana,  Minbu. 

SemarA*.— In  my  prenouamemcnr  I  identified  thia  apeoies  with  PUnroioma 
VOfesi,  d'Archiac  and  Haime,  a  view  nhich  I  tliinlc  w;is  erronoom,  and  to  which  I 
was  led  b;  Messrs.  d'Arolkiao  and  Uaime's  rather  imuiUcioot  figure.  Pleuroioma 
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•oyMj  difflan.  M I  haT«  noir  tbnnd  out,  by  athaip  mediwi  ked  of  whioh  ^en  b  bo 
titce  in  Claeatula  proto»odijero. 

Claviituln  protOHOdifera  ia  by  its  ornamentatioa  easilr  distinguished  from 
all  tlie  other  species  beie  dflsoribed*  except  Olavatula  muuga,  with  which  it 
boan  a  oonsidoimblo  sbirilarity;  it  ja,  bowerer,  dlMIngttisliad  by  a  laigw  die  bi^Mr 
■whorls,  a  broader  concave  part  aud  a  siinple  posterior  keel,  corefsd  wifll  flne  ohocda. 
Ibese  are  the  distingaiahing  features  of  fragments;  if  a  fully  preaerred speotmen of 
Olavatula  munga  is  examined,  there  is  no  doubt  as  to  tbe  specific  differanoe  on 
aeeoimt  of  th«  pMfaetly  diffeteat  body  wbood. 

Clocatala  prototi'idifera  snems  t  >  be  olo3«ly  related,  if  not  identical,  with 
Pleurotwht  grisientis,  K.  Martia.  Desoriptioa  aad  &gan  seem  to  agrioe  so  well 
that  for  a  long  time  I  felt  iadinad  to  idmiifyboth  apeoiea.  Tet  it  seems  to  me  aa 
if  tbme  eziited  diifafeaoaa ;  IfarUn  doea  not  mention  a  posterior  kael  nmninf  oloaa 
to  tbe  sutUTO,  but  such  a  keel  exists  unquostionably  in  Clavafula  prolunodiferft, 
though  it  is  ouly  distinctly  visible  in  the  smaller  specimen,  while  it  is  not  quite  so 
clear  in  tbe  Inggar  one.  If  ibis  keel  is  realty  not  present  in  PlMurohma  grittmtU, 
its  absence  would  constitute  a  good  distinctive  feature,  but  if  future  researches — 
Professor  .Martin  cxamiuoJ  only  a  single  spocimcn, — hIiouM  ])rf)VP  (bit  it  f-xistcil,  I 
think  that  Plfurotoma  grmemis  must  be  identified  with  Claeatula  prolonodi/era. 

I  hare  been  able  to  compare  a  specimen  of  Pleuraioma  nodifero,  lank.*  from 
the  Indian  Ocean,  and  I  can  only  state  that  thnro  i\ot:s  not  exist  the  sUgbteit 
difference  bctwt^on  thn  earlier  spire  whirls  of  tliis  species  and  those  under  exam- 
ination. The  oruameatatioa  of  the  living  specimen  consists  in  a  strong  rounded 
rerolring  ked  A,  aet  irith  thiek,  aomowbat  obUque»  elimgate  tabmelea,  separated 
by  equidistant  concave  intoratioes,  which  rans  close  to  the  anti'rior  end  ;  bi'ts\  eea 
this  keel  and  the  suture,  a  finer  but  smooth  ke<!l  F  is  visible.  Behind  keel  A 
follows  a  smooth,  rather  broad  concave  baud,  covered  witb  fine  revolving  lines, 
and  eloaa  to  tbe  posterior  end  nna  a  atrong  levdring  keel  P  nMxHk  ia  simple  on 
the  earlier  wborla,  bot  T«ry  MXiii  splits  np  iatwo  flott onea  P* and  F  (aee  ilg.  4, 
page  &'2). 

Tbe  aboTe  deaoriptum  of  the  neanio  atage  of  tbe  living  Phwretoma  nodiftra 
ia  esaotly  the  sane  as  that  of  the  fossil  species,  and  tbe  only  dtlCereno«a  I  can 

discover  are  perhaps  the  more  concave  whorls,  the  better  marked  revolvin;?  lines, 
and  tbe  slightly  stronger  posterior  keel  which  does  not  appear  to  split  up. 
Thia  ornamentation  penkta  apparently  in  the  fossil  apeoiea,  bat  in  the  living  one 
it  nndergoeaa  certain  oh»n;^e,  which  cannot  be  disreg;anled. 

In  the  first  instance  the  oblique  tubercles  on  tlie  anterior  kpel  become  more 
and  mote  weaker,  till  they  have  almost  di^ppcared  ou  the  body  whorL  Hand 
in  hand  with  this  goes  a  aplitting  np  <rf  the  keda ;  thia  tendency  ia  at  Urat  hidieated 
by  three  fine  lines  separated  by  rather  broad  interstices  (see  whorl  4 ;  A'  A* 
A"'),  both  become  more  marked  with  advancing  age,  a  finer  chord  F'  appears 
in  front,  and  on  the  penultimate  whorl  the  homogenous  keel  of  the  neanic  stage 
is  divided  into  four  fine  and  BmooCh  rarolving  ehocdat  A'  A'  F,  wbleh 
by  their  undulating  appeavanoe  still  iudiciate  tbe  former  existence  of  tbe  tubefw 
cnlea ;   the  iuterstioes  separating  the  chords  are  rather  broad  deep  fonows. 
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On  the  body  whoil  the  keel  has  entirely  disappeared  and  ia  roplaoed  by  fonr 
mookll  flat  keel<*  of  almost  the  same  stren^tli,  A  "  A"  A  F',  in  front  of  wliich 
time  is  a  tif  th  tiaer  one,  which  has  appeared  on  the  latter  half.  The  originally 
■bsong  gnt&alow  Iceel  haa  thus  on  the  body  wliorl  b«eoiiie  modified  into  a  nnmbtt 
of  ftoer  onas,  similar  to  those  whtoh  cover  the  anterior  p%rt  of  the  body  whorl. 

The  posterior  keel  which  is  simple  on  the  cirlier  spiro  whorl  exhibits  very 
soon  a  fine  farrow  (whorl  K)  which  gradoally  divides  in  two,  F*  and  Y  (whorl  1) ; 
OB  tba  penaltinuita  iriiorl  fhe  poiterior  keel  ii  again  anb^vided,  and  on  the  bodj 
whioarl  there  are,  instead  of  a  thick  one,  three  fine  chord-like  keels,  F*  F^ 
daoreasin!^  in  stroni^th  in  posterior  direction,  snparatnd  by  hrnad  interstices. 

The  changes  which  the  ornamentatioa  of  the  whorls  undergo  during  the 
diffoMnt  OTolnliaoaiyatagea  will  be  aeen  beat  liom  thefoUoving  diagnm,  the  upper 
figure  repfeaenting  PlanrefoMa  aod^tfra,  the  lower  one  t'lara/nAi 
ftra: — 

fm.«. 
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In  view  of  the  above  differeneoa  of  Ornamentation  I  think  it  bettar  to  distin- 
guish tl<e  fossil  species  which  unquestionably  represents  the  permanent  neaoio 
•tage  of  the  living  Fleurotomt  Hodffera  under  a  separate  name. 

Under  the  name  of  Phmrvtm»  moiifera,  E.  Martin  deMoibed  a  apeelea 
from  Java,  which  is  unquestionably  different  from  Clavjfnla  prn'mwdifevt. 
Martin's  figure  shows  the  subdiyision  of  A  into  apparently  three  secondary  keela, 
distinctly  on  the  body  and  penultimate  whorl,  but  it  is  not  quite  dear  whether 
the  eatUer  whoila  era  equally  divided.  On  the  other  liand,  If  artin'a  fignre  shows 
only  a  simple  keel  P,  but  though  Martin  states  that  the  specimens  examined  by 
him  are  exactly  alike  the  living  species,  I  cannot  bring  this  ornameatation 
in  aooordaaee  with  that  obaerved  in  the  living  specimeos  I  examined.  It  father 
■aeBSB  to  me  that  Pleuroloma  mdifera,  K.  Martin,  occupies  by  its  subdivided 
anterior  keel  A  and  its  isiniple  posterior  keel  P  a  medium  position  between 
Clavatvla  protonodifera,  having  both  keois  A  and  P  undivided  and  Fteurolomo 
nedf/Snw  iHiere  both  A  and  P  ate  rahdivided. 

Though  I  have  no  doubt  that  Pleurotoma  protondifera  represents  the  permanent 
iieanie  stage  of  Pleurotomo  medifvrUt-jtIL  tbeie  is  another  species,  Hearotomv 
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Gnj  (ssearrufala,  Kien),  fnm  Vmw  GqIiim,  wbkb  appaan  idflotieal  with  OUvaMm 

protOHodiferu  ;  unfnrtunattily  I  am  nnt  in  the  jiosition  to  compare  a  living  specimen, 
but  to  judge  from  lloeve's  figunj,  the  similarity  is  so  great  that  it  ia  impossible  to  find 
any  other  diilereuoes,  except  that  it  seems  that  on  the  spire  wborls  the  granuloee  keel 
it » littlB  Cutiier  amf  bom  tiw  antom  tim  in  OktvaMa-pr^ltmoi^km. 

The  iMoli  €f  tiie  above  eaaddaiMam  oonUl  bo  expceMod  ia  tha  folknriiig 


iHdhF-Bim. 

Plnrwttma  mdi/era 

This  would  mean  that  in  the  Miocene  of  Burma  a  Hpecies,  Clavatuia  protono* 
iiftrm,  «KiatB  wbidi  bai  iti  diieot  ilwwwiilantii  amoi^^  ibe  frana'cf  the  Indiaii  Ooeaa 

in  Pleurotoma  nodi/era  :  at  the  same  time  Plfuroioma  protonodifera  migrated  cast- 
wards  whore  it  probably  still  exists  as  Pleurotoma  tenuity  having  apparently  hardly 
changed  its  chsuractcrs  during  this  migration.  If  this  Tieir  he  correct,  the  specific 
name  UimU,  Qtaj,  thoold  he  snbititntad  tatpratoaoOiftro,  Koetling,  but  tbe  qnfliti(» 
must  remain  in  abeyanco  till  apedmena  of  PtearafoMA  temrft  and  PlMfpfaaiM 
pr9toHodi/ero  can  be  compared. 

Dkillia  TKKAXES3IS,  NoetUng,  PI.  XXIII,  figs.  5,  Ha. 

18H.  Pleuruiama  ftnamenn;  MoeUiug,  UioeeiM  fom.  Uppw  tiurma.  Mm.  tjK>li>g.  Surre;  of  India,  ToL 

XZVlI.|LX*l|l.a.Sa. 

The  only  spcoimon  which  has  come  under  examination  is  rather  fra£»mentaiy ; 
as  it  measures  about  20  mm.  in  height  the  shell  must  hare  attained  a  moderate  dse* 
It  is  tnneted  in  shape  and  oonpoeed  at  a  high  spun  and  a  low  bodjr  wlioi^  vUoli 
terminated  apparently  in  a  very  short  basal  eanaL 

Embryonic  whorls  not  obserre*!. 

There  arc  four  slightly  infiatod,  rather  high  spire  whorls,  which  slowly  increase 
in  height  and  are  sepaisted  by  rathor  an  indistinct  sntnra  The  ornamentation  otm- 

gists  of  four  primary  reTolTing  keels,  all  different  in  strength.  No.  1,  which  is  the  most 
anterior,  runs  close  to  the  suture  ;  it  is  finer  than  No.  2  which  is  sharp,  strongly  rai.sed 
and  separated  from  No.  1  by  a  broad  slightly  concave  interstice,  ^'o.  3  is  rather 
kwer  tiiaa  No.  9,  bnt  ehieiily  diBlBn  by  befog  set  with  kMr*  lonnded  nodnka  aeparar 
ted  by  rather  broad  intervals.  No.  4  is  the  flneit  and  lowest  of  all,  very  close  to  the 
BUtnie  and  separated  by  a  broader  interstice  from  No.  3  than  the  latter  is  from 
No.  2.  All  the  inteistioes  are  set  with  filiform  chords,  separated  by  rather  broad 
intentioeBk  and  Twying  in  nnmlMr  aeeoeding  to  the  breadth  of  the  intentioee 
between  the  primary  ribs.  The  revolving  ornamentation  is  intersected  by  numerous, 
very  fine^  but  somewhat  irregular  closely  set*  longitudinal  linfia^ which  are,  however, 
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only  (listinctiro  in  the  iiiter-ficeR  between  the  primary  ribs.  Thpsc  lines  Trhicb  pro* 
bably  represent  the  strisB  of  growth  run  obli^uelj  from  left  to  right  between  keels 
Kfli.  1  t^ai.  8  and  in  oppo^  dixMtiaia  faafewwn  8  and  4  Keel  No.  8  marks  thus  the 
porition  cf  the  labral  slit. 

The  body  whorl  is  rather  low.  ocrnpyin<^  perhap  not  mortf  than  -Jrd  of  the  total 
height ;  it  is  inflated  and  seems  anteriorly  to  teruiiuate  in  a  short  basal  oaaal.  Iha 
crnamentatimi  k  the  ttmo,  wlj  tbat  in  faont  of  Na  1  ked  tlute  «s»  thne  aUnflar 
fnea  aepaxated  "by  Inoad  intfliitiaea. 

Aperture  not  oliservcd. 

Geologiral  occurrence. — 

Zone  of  Faracyathut  caeruleut,  Yonaugyat. 

2«hmh4».— None  of  the  ether  apeoiea  hoe  deaorihed  eoiild  lie  oompaied  with 
3)fUUm  femameimt,  which,  thougli  belonging  to  the  same  group  as  Drittim 

proiocincta,  is  easily  distinmisbcd  from  tin's  s]>cc5cs  by  the  lar?rr  size  and  a  cjeater 
number  of  revolving  keels,  one  of  wbioh  differs  from  the  other  smooth  ones  by  its 
giwiuloie  ehavaotar/ 

I  have  not  been  able  to  find  any  living  or  foaail  lelativB  ol  this  species  which 
most  probably  repreaents  a  tjye  whioh  is  extinct  among  the  preaent  fauna  of  the 
Indian  Ocean. 

J}BSjaXk  PROTOl»Tia»TJPTA,  spec.  noT.,  PL  XXIII,  figs.  8,  8a,  9,  9a,  10,  lOo. 

1888-87.  JPlmttmm(,DraiUiiiifrrnfta,  K.  Martin,  Beitr.  Qto\og.  Out.  A»h-m  nai  AiiHtnltens,  lit  Mr, 

Vd.  Ill,  p.  65,  ,1.  X,  fig«.  60.  67. 

1886.  m  m  u        VvMng,  Mioe«iM  Fan.   Vtftt  Baiiaa,  M«n.  Chokg.  Sutiv  cf 

lali*.  Tid.  XXTII,  ^  41.  p.  Z,  Is.  S  {ho.  1.  te)  I 

IfsABiruimrn. 
Width  .      .    «■  „ 

Tli(-  shell  is  of  small  size,  turretcd  in  shapes  composed  of  a  high  spire  and  a 
short  unlcriorly  slightly  accuminate  body  M'horL 

Theie  seem  to  bare  been  three*  eminyonie  wborl^  two  of  whidk  warn  pvfeotly 
amooth,  while  the  tliird  one  just  shows  faint  longitudinal  stria>. 

The  spire  is  composed  of  about  seven,  slightly  ventricosc  whorls,  which  though 
fairly  high,  slowly  increase  in  height.  The  suture  is  undulating  and  well  marked. 
On  the  posterior  part  of  the  soifaee  a  namw,  but  deq>  fnmnr  whieh  eoneqioaids  to 
the  lateral  slit  runs  ven.'  clusf  in  the  suture,  setting  ofT  a  well  raised  rounded  l:ee!. 
Ibe  anterior  part  of  the  surface  is  covered  with  eight  thick,  rounded  longitudinal  ribs 
separated  by  veiy  narrow  intervala.  These  ribe  are  reiy  regular,  eadi  one  being 
right  underneath  that  of  the  preceding  wborl,  and  they  aie  crossed  by  a  number 
of  fine  revolving  chords  separated  liy  rather  broad  interstices. 

Tho  body  whorl  is  rather  short,!ocoupyiug.le8s  than  half  of  the  total  height; 
poateriorfy  it  is  Tentriooee,  anteiiorly  slightly  cantcacted.  termiBating  in  a  abort 
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basal  pflnal.    The  orn&mentation  is  the  same  as  on  the  spire  wluarla,  only  that  tha 
lerolving  chords  are  more  numerons  and  extend  right  up  to  the  end  of  the  «aiud. 

-  Apsrton  not  obwrvad,  hat  it  Maau  that  the  utenor  oanal  though  ahort,  wu 
nther  broad. 

€M<j^ie«l  oeeurremee. — 

Soao  of  <UmorilmHa  mmHinvhrnOt  Minbu. 
Zone  of  Jroa  M«0teMI»  Kama. 
Bemarkt. — In  my  previous  memoir  I  fi<rurcxl  an  ill  pn^Tml  siiocimcn  of 
Smrcula  feddeni^  which  I  believed  to  be  identical  with  J^leurutima  interrupia ; 
haWiig  nnoe  noeived  better  proaervgd  speohneni^  I  hsre  been  abto  to  pvove  that  this 
view  is  not  correct.  Surcula  feddeni  though  Xttiwr  fltmilar  to  the  Bpedea  here 
described,  irarticularly  when  only  fnu^mentary  specimenB  hare  oome  under  ex- 
amination, is  easily  di&tinguiahed  by  the  long  basal  canal  and  maoh  bioader  xxwtorior 
tiuniw. 

I  have  ag^  oacefully  compared  tida  species  with  Drillia  intermptn,  and 
I  think  there  exist  certain  differences  which  make  it  advisable  to  distinguish 
it  under  a  separate  name.  The  ohief  difference  exists  in  the  strength  of  the 
xQm;  in  DrflMa  pmtaMwrn^  tfaej  aie  fhiok,  strragly  laiaed,  titare  being  nine 

to  one  volution  on  the  body  and  peniiltimatc  whorl  ;  in  Drillia  inierrujtti  the 
ribs  are  rather  thin,  separated  by  broad  intervals  and  there  are  eleven  to  one  volu- 
tion :  these  diffeienoea  are,  however,  so  small  that  they  might  be  disregarded. 

Dbiuu,  noiXBiraia,  apeo.  nov.«  Fl.  ZZHI,  figs.  U*  llo. 

MHAMCRIUKNTa 
Height    .       .    J6  HUD. 

Ai:ir»l  iingle     .  2iJ'. 

The  shell  is  oi  small  size,  ovately  turreted  and  composed  of  a  very  high  wgin 
and  ahort  bodj  whorl. 

Snbryonic  whorls  not  obscr^'cd. 

There  are  7  U)  8  rather  hiirb  flat  spire  whorls,  which  increasing  slowly  in  lu  iebt, 
are  separated  by  an  indistinct  suture.  On  the  posterior  part  of  the  surface  a  uiirrow 
fhoneli  deep  fonow  tubs  eloaeto  the  tatnie^  eettiug  off  a  nanow,  angular  keel,  the 
posterior  side  of  which  is  crenulatc<l.  Tlie  furrow  itself  is  covered  witli  a  few  ex- 
tremely fine  cranulose  i-hords  ;  the  anterior  part  is  covered  with  straight  or  slightly 
oblique,  rounded  longitudinal  ribs,  separated  by  intervals  of  about  their  own  breadth  : 
theierilwareinterBeetedlqrfimr  KftolTiBg  keeb  of  riKrat  the  aaine  strength  as  the 
longitudinal  ribs,  producing  on  the  point  of  intersection  rounded  low  tiibcrrli'^. 

Body  whorl  short,  occupying  less  than  half  the  total  height ;  the  posterior  part  is 
slightly  inflated,  the  anterior  one  contraoted,  terminating  in  a  short  anterior  canaL 
The  ornamentation  is  the  same  as  on  tho  spire  whoria,  bnt  the  number  of  tevoMng 
keels  is  larger  and  the  longitiulinal  ribs  terminate  a1  <Iie  imint  of  eonlraetion ;  the 
surface  of  the  canal  is  therelure  free  of  any  ornamentation,  except  some  irregular 
tsnpoilving  striaa.  Aperture  ill  seen,  apparently  elongately  oval,  anterior  oaaal  shorfe 
bnthmad. 
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Zone  of  Area  thpobald i,  Kama. 
Bemarks. — The  trencral  sha)>n  ns  well  as  tho  ornampntation  readily  (listiTiriiish 
this  species  from  all  the  others,  ^vith  none  of  which  it  bears  any  resemblance.  I  have 
not  Twoi  able  4o  diaoorar  any  wpeeSea,  Uving  or  fornH,  to  whieh  JhUUa  fmrnemth 
could  be  compered.  It  is,  therefore,  almost  certain  that  this  species  represents  as 
indigenous  hqio  which  is  extinct  amntis?  the  fauna  of  thi>  Indifin  Ocean,  and  irhoec 
ancestors  probably  occur  in  the  older  Tertiary  beds  of  India  or  liurma. 

DBQjilA  FROtociKCTA,  spoc.  noT.,  f  L  XXIII,  figs.  6,  6a,  7,  7a. 

Mea«L'R£1IESTS. 

BO^      .     .  em 
WUth  M  If 

AjMimh     .  ar 

The  shell  is  of  small  size,  orate  in  shape,  oomposed  of  a  high  turreted  sjm  and 
aehort  slij^litly  t'nntrtK^tfMl  Ixxly  whorl.    Eml)ryonic  whorls  not  observed. 

There  arc  probably  six,  rather  high.  Hat  spire  whoris,  which  slowly  inoreasiog  in 
height  are  oeparated  by  an  almost  imperceptible  sntore.  The  mrfaun  is  deeply 
ezcavat'rd  l  y  a  broad  and  deep  furrow  which  oooapies  almost  the  whole  height  of 
the  whorls.  The  ornamentation  consists  of  two  smooth,  stron£»ly  raised  angular 
revolving  keels,  the  most  posterior  of  which  runs  dose  to  the  suture,  wliile  separated 
by  a  bfoad  caneare  intasBiioe,  the  aeeond  one  rmn  exactly  in  the  middle.  The 
surface  on  cither  side  of  the  median  keel  is  oovered  with  fine  xerolting  chords, 
separated  by  rather  broa<l  inferstic*^.  There  arc  mmierons  strise  of  growth  which 
appear  in  the  shape  of  extremely  fine  plications  in  the  interstices. 

The  body  whorl  is  vadier  low,  ocoapying  lew  than  ^  cC  the  total  height; 
anteriorly  it  is  slitrlitly  contracted,  ferminatint^  in  a  short  canal;  the  ornamentation 
is  tho  same  as  on  the  body  M-horl,  only  that  there  are  about  8  to  10  revolving  keds^ 
n<me  of  which  icaohes  the  strength  of  the  two  posterior  ones  in  bout  of  Na  1  heeL 
Their  iatentices  aie  ratluir  bmad  and  fllled  witii  flae  longitadiBil  pBeationi. 

Aperture  not  observed;  anterior  canal  ihflrti  but  apfaientiy  Iwoad* 

Geological  occurreaoe. — 

Zone  of  Atett  iktoboldit  Kama. 

Bemorkf.— fining  to  the  iadiituiotneas  of  the  suture  and  the  smaUneaa  of  the 
shell,  the  correct  ornamentation  of  the  whorls  is  difficult  to  recnc»nise.  T  think, 
howeTcr,  that  the  way  I  intorpr^ed  it  is  correct,  viz.,  a  posterior  keel  running  close 
to  the  sotoie  and  an  autoior  one  naming  exactly  in  the  middle  of  the  height  of 
eaeh  whorl. 

Drillia  protocincta  Ls  readily  distinguished  from  all  tlie  others  here  de- 
scribed by  its  smallness  and  the  ornamentation.  Young  specimens  of  Drillia 
9emm«n$la  may  perimpe  niemble  somewhat  to  lUa  ipeoies,  bnt  they  are  iead% 

distingiiished  by  the  granidoso  keel. 

Drillia  protocincta  resembles  Pleurototm  eincta,  Lamarclc,  from  the  Indbn 
Ocean  so  closely  that  it  is  difUcult  to  discover  awy  differences ;  the  livii^ 
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species  differs  only  by  a  larger  sin  and  a  stronger  ornamentation,  and  these 
featues  are  therefore  quite  in  harmony  with  similar  observations  made  with  other 
spodes  which  are  oonrideted  the  direct  deaowidatiti  of  Miooene  speeiM. 


Ounn:  C0NTT8,  linnA 

Thoufrh  the  genus  Conu*  it  one  of  tlic  most  -nidely  di^striliutwl  !^i>noni  in  the 
Tertiary  rocks,  the  determination  of  the  fossil  species  is  one  of  the  most  diiEcult 
tasks,  chiefly  on  acoount  of  the  indifferent  charaoten  the  ahdl  aSondi.  Aa  a  role 
the  fossil  specimens  do  not  azliibit  any  colour  markings,  or  if  they  do*  they  an 
certainly  of  much  loss  systematic  value  than  in  the  living  speci«?s.  For  specific 
distinotiun  the  paUcoutolc^ist  can  only  refer  to  the  shape  of  the  shell,  but  so  far  it 
■BBma  that  no  general  plan  has  been  adopted  by  which  the  numerona  spades  might 
be  distinguished.  AnylnAly  going  through  the  description  of  a  number  of  aimilai 
species  will  be  i^refttly  puzsled  if  he  tries  to  find  out  by  which  characters  the  qfeeiei 
really  differ. 

I  think  tliat  m  ezoeeding^  good  distlnotiye  feature  is  tlie  height  of  tiie  ipirak 
which  may  be  conreniently  expressed  by  the  cosine  of  half  the  apical  angle.  As 
in  very  few  cases  the  profile  line  of  the  spire  is  straight,  being  mostly  represented 
by  a  curved  line,  1  assume  the  apical  angle  to  be  that  angle  which  is  formed  by 
two  lines  from  the  apes  to  the  keel  of  the  body  whorl.  leallthiaangleasndthia 
height  of  the  npcx  above  a  plane  laid  horizontally  through  the  kettl  of  the  btxly  whorl 
would  be  reproBented  by  cosine  a/2.  It  is  quite  true  that  owing  to  the  spiral 
valnlini  a  pltonb  Une  turn  tiie  apei  to  this  plane  would  not  quite  bisect  the  apical 
angle  a,  but  inasnuieh  m  this  angle  will  nen*  ho  qnite  oonatant,  this  enor  nuj 
he  overlooked. 

Accepting  this  view  we  could  distinguish  three  groups^  vis.  ^— ' 

(A)  «o«be  «/S      £  0*25,  fkt  spired  dulb. 

(B)  I'Oidnu  a/2      from  0-25  to  O'CO,  Inw  spired  shelb. 
(U)  coma*  a/2       frnm  O'Bl  to  1,  high  spired  shoUa. 

The  shore  definitions  are  certainly  more  precise  than  the  old  distinctions 
between  Hat  and  elevated  or  high  spins,  whieh  leare  too  large  a  Add  forindividnnl 
views. 

Another  feature  which  seems  to  me  of  systematic  value  is  the  angle  fi  formed 
by  the  two  parts  of  the  body  whorl,  as  divided  by  the  revolving  keel ;  in  almost  all 
oases  this  angle  will  have  an  extremdy  short  posterior  and  an  unproportioaately 

long  anterior  side.  I  certainly  found  that  all  the  species  here  describwl  conld 
he  easily  distinguished  by  this  character,  as  will  be  seen  from  the  following  table  :— 

AngU.  Potttriflf  «id«.  An»eric,r  iide. 

OBf»*  Itleralui  1<«  thro  90^  ^trlli^c'llt  itr»ight. 

„     But/.icraiiM  obtiue  .  «(r»jg)it  «tr»iK?it. 

„       arni  nlit  (llitQK  jlsrlir  OOMMIt  tilniU'li'. 

„     iama  «htu»e  »ti»jght  eir»;j;lit. 

„     jiulfi  obtQie  »tmi((lil  «triiif;h:. 
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TS  in  eadi  inatanoe  the  aooiuato  valns  of  angle  fi  oould  be  given,  the  dBS» 
would  be  more  obvkmi  tiua  if  only  wprowaA  \if  tbe  nflieir  Ttgw  tcmv 

"obttwc"  and  "acute." 

It  ia^  however,  difficult  to  obtain  the  value  of  tliis  angle  with  accuracyt  enept 
from  •  kngitiidiaal  SBetioii. 

Another  equally  valuable  fentuQ  ii  the  angle  y  fomed  hj  the  anterior  aides 

of  the  body  wliorl ;  as  far  as  I  can  see  this  angle  is  very  constant  in  the  qpeoiM» 
though  further  roHearchos  would  bo  necessary  to  prove  this  view. 

It  ire  oonstraot  a  longitudinal  diagrannnatio  seetioii  of  each  apeciea  haaed  m 
flie  above  three  featuM,  m  see  at  once  and  much  better  than  by  the  ocdinaiy 
illustration  the  difference  of  a  oortaia  number  of  apecie^  ai  iriU  be  iUosbtated  b7 

the  following  woodcut :— > 


Fig.  8. 


IL 


III. 


IV. 


VI. 


vu. 


I.  Canis  litmtm. 
II.    „  imlaMiiiBl. 
lit.    »  MvHth. 
IV.  :  bun. 


v.  Conn*  TnW. 
VI.    „  gtlenui, 
Tll.    H  pratofmi 


Of  course  I  do  not  prrtPTid  to  say  that  these  characters  would  pxlianstively 
deaoribe  and  fix  a  speoiea ;  this  is  by  no  means  the  case,  a«  ^rill  he  illustrali>d  by  the 
diagrams  of  (hmm  iMtca  ani  Comu  protofuntut  but  if,  in  addition  to  tho  above 
diaxaeten,  any  ornamentation  win  be  nmttaMMltfhe  deaoription  of  Comw  eoold  be 
given  in  an  excmlin!?ly  aoeorate  wa^^'perbapa  more  jseidae  tban  of  otber 

genus  of  Gastr(jjK)da 

By  carefully  examining  tho  above  prindplea  in  a  large  number  of  apeciea,  it 
may,  perbapi,  be  poaaible  to  arrive  at  a  anVdiviaion  of  the  genni  Conaia,  wbicli  woidd 

be  of  value  to  paheontologists,  and  not  valueless  like  the  present  one  adopted  by 
the  concholo^sts.  The  Miocene  of  Burma  has  yielded  seven  speoiea  whkdi  can  be 
diatinguished  in  the  following  way 

A.  Cm.  a/2  <  <H5  (apin  flkt). 

1.  r.«irl  hU-ratitt,  JAomt. 

B.  Co«.  o/S  from  0  26  to  0*60  (qiii*  low). 
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(a)  Spire  tumied,  stop-liln. 

(b)  Spin  ooninli 

C.  Ccs.  a/2  >  0-60.    (Spirt  modentlirUfli). 
(«)  Both  Eules  of  ^  straight. 

(m)  Siiriim  of  bodjr  jAoA  moodi. 

4.  r.K«ji         gpeo.  noir. 
(iij  Surface  of  body  wborl  covand  Willi  aapMad  ItMh 
6>  Omm  ioMO,  gpcc.  nov. 

(m)  Soi&Mof  b«d^wkorl«alraaAiriari|roofindirilik«cnmdBii«. 
6.        frofe/sfMM^  tpao.  aov. 
(i)  Sides  of  ^  ooncave. 

The  fehtknaliip  of  time  ^eeka  i»  nfliar  Tuied,  two  of  them,  CmIm  Htmiim, 

JJtojii,  and  Co»K«  mrt'ncfan^*,  are  unquestionably  identical  with  species  inhabiting «t 
present  the  Indian  Octjan,  while  of  the  other  five  it  is  almost  certain  that  thov  have 
no  relatives  among  that  fauna.  One  of  thorn,  Conm  ocaintia,  may,  perhaps,  be 
xelatoatoaspedesfMtt1iMBooama(Fad8,w]iikthei^  md 
Conus  prolofnmm  inhabit  at  presf-nt  the  Eastern  Seas.  Conui  galentia  most  probably 
represents  an  entirely  extinct  type,  while  Comm  j/ulekmut  ia  too  iU-pteaerred  to 
allow  of  a  oompaiiMD. 

Comrn  ^josmeamn)  i.itbkatitb,  TAani,  PL  XXIII,  figs.  12, 12a,  13, 13a,  u. 

IMO.  Cmiw  brwtu,  J  lie  Cstle  Sow,  rhy,  TnaMtt  Geol.  Boo.  of  LoodoD,  Sad  Mr,  ToL  V,  pL  TTVr,  fm,  n, 
IMS.  CmM  Nl*raHu,  Jtoor*,  Honognti  h  of  the  Gcnu>  Cmut,  fL  XXXIII,  Ig.  Ml, 

MjUfiL'sciuinB. 

Ua^  .  Ittaiib 

WHtk       ...  13  » 
Aagltif  Mjwliarl    .  ST 

The  didl  ia  of  modefate  she,  aoeoiaiiiatedt  oonioal  in  dttpe,  and  composed  of 
aflKMlt  nine  whorls  forming  a  rt^ry  low  spire,  haviiig  KonoaUfy  n  ftfmge  apieal 
fnglfl  of  almost  180°  and  long  and  high  atraog^  aOBumbiato  body  lAori. 

Embryonic  whorls  not  obsorvcd. 

Earlier  spiro  whorls  unfortunately  broken  off,  but  it  appears  that  their  surface 
WBB  Steeply  sloping  towaidfl  the  tatare;  the  whoris  form  during  the  brephio  stage, 
aiatliBr  derated  spire,  but  the  angle  of  slope  rapidly  decreeMg  and  mat  have  Ibeoome 
almost  zero  at  the  bc^nning  of  tho  nf-anic  stage;  thus  the  posterior  part  of  the 
spire  whorls  as  well  as  that  of  the  body  whorl  are  almost  in  one  plane.  The 
wlmbimpertieptiblyiiMneaMinlid^tandaKeac^^  Outho 
earlier  whorls  there  are  a  few  engraved  nnilTing  Uoea^  bat  thqr  appear  to  beoone 
effaced  on  the  body  whorl*  where  thflce  an  only  muneioaa  ewnred  fine  *^i»witTio 
ebdaeof  growth. 
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Hie  body  whorl  is  rather  large  and  liigh,  very  regularly  oonioal  in  shape, 
divided  by  a  sliarp  keel  into  small  flat  postorior,  and  a  i^ontly  slopin?  anterior  jwrtion ; 
a  longitudinal  aectioa  through  the  body  whorl  would  show  a  sliarp  angle  of  75° 
haTlng  two  itniglit  tides,  a  rvj  aiboart  poaterior  and  a  rery  long  anterior  one.  The 
aurfaoe  is  pmooth  except  for  mmwroRU  flm  tfaitt  at  gmnrtli  bending  diarpty  liabk- 
watds  near  the  posterior  keel. 

Oeoloffieal  oecurrenca.—' 

ZoM  of  AHeUi  JkmncroM,  Thajebnjo. 

fiffmarit*.— GoMWf  literatut  is  oasily  distinguished  from  all  the  others  hen 
described  by  a  spire  so  strongly  depressed,  that  it  appears  almost  flat,  that  is  to  aay, 
ooe.  aj'2,  is  smaller  than  0*25 ;  there  appear  to  be,  however,  some  variations,  inasmuch 
aa  in  ens  ■pedtaen  fhe  apiie  is  perfectly  Halt,  irbile  in  the  oUier  omb  it  is  slightly 
fSlBBd;  tba  living  specimens  seem  to  exhibit  the  same  variations,  inasmuch  as  the 
specimen  examined  by  mc  shows  a  perfectly  flat  spire,  whilo  that  fijrured  by  Reeve 
has  a  distinctly  raised  one.  Another  distinctive  featiui}  is  the  absence  of  spiral 
ttris  at  tlie  aateiicr  end  of  the  hody  iHravl. 

Sowerby  has  described  and  figured  three  species,  Conut  brevii,  Conut  tnilifant  and 
Comu  eatenulatut,  which  represent  most  probably  one  and  the  same  spocics ;  at  least 
better  distinctive  ohanctorB  must  be  giren  before  the  specific  independence  of  these 
tibneipeoicscanbeaocepted.  There  is  no  doubt  that  0mm  trvvfaiaidaiitteal  with  ihe 
species  hero  described,  and  I  identify  the  specimens  from  Eurma  with  thatipeciaai 
^onld  Conut  militeu^ia  and  Oomtu  eatetwUituM  turn  out  to  be  reaUy  diHereat. 

A  speoiman  oE  OIpmw  liflmrfM  ten  Oeyka  irlilob  I  liare  been  able  ioeompanb 
dKm  no  diffannoe  whaiMwrar,  aa^ /ff  and  y  being  atanoat  iJ» 

Comn  (BHiioooanm)  maiaccani-s,  ITwass,  PL  XXIII,  ilga.  17,  17<bl8k«-9^ 

19,  19a,  20,  ■H)a. 
IMS.    Conut  maiaceaniu,  Re«Te,  Mon<i^^ph  of  the  ritnn*  C'/iiu«,  pi,  X.  fij?  40. 

mi.  Vol.  XXVII.  p.  42,  pi.  X,  &g».  4,  (,  8,  &>.  7, 7a. 

MtASUUCHBKTS. 

Height  .       .      a       •  it  mm. 

WMth  ....  186  „ 

Api-JL^  .vipie  .       .  Ii7° 

Atij,-!.?     1  «lj  wk«l       .  86" 

The  shell  is  of  small  size,  oonioal  in  shape  and  composed  of  a  short  spire  and 
a  high,  aoeominttted  body  vhori.  Emhiyooie  wbofb  not  obeerred. 

The  qiire  is  composed  of  not  less  than  10  whorls,  separated  by  a  sharp  suture  and 

increase  vwy  slowly  in  htiL'hf.  Durini^the  l)rephic  stage  the  surface  of  thu  wliorls 
formed  an  angle  of  about  00°  with  the  suture ;  this  angle  gradually  flattens  down, 
and  the  pfofile  line  ct  the  spire  is  fherabreeonoaTe;  aaeabhsnooeedingwboridoea 

not  quite  reach  up  to  the  keel  of  the  preceding  one,  the  spire  becomes  somewhat  step- 
like,  a  feature  wln'eh  Ir  very  rbarnrferi5;tic  of  this  ajM^cies.  The  earliest  npire  wliorls 
appear  alighUy  granulated,  booause  the  ends  u£  the  short  longitudinal  ribs  which  line 
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the  anterior  part  of  the  whorls  near  the  keel*  nae  just  abore  the  suture.  Hut 

featuro  is,  however,  only  noticed  in  well-prt'serrcd  si)cciiucn8  and  socn  disappean 
when  only  a  reyolviug  oruaiuentatiou,  coufiiiiUiig  of  a  few  engraved  lines  whioll 
UB  onaaMd  hgr  nmiMRNii  ttito  of  gnnrtli,  nmaiiii  vUUa 

Hie  body  whorl  is  rather  large,  broad  at  its  pOBterior.  acciimi)  r<to  (  owardsit 
mtorior  end.  A  rounded,  thouqb  distinctly  marked  keel,  sets  ofT  a  small  i)usterior 
poftton  sloping  towards  the  suturu  and  a  larger  anterior  one  sloping  in  oppoaite 
dinotion.  As  the  posterior  part  is  flat,  the  profile  line  is  represented  by  an  obtuse 
angle,  the  apex  of  Mliich  roundttd,  having  a  short  straight  posterior  and  a  long 
straight  anterior  side.  The  revolving  ornamentation  noticed  un  the  spire  Arhorls 
beooBHi  nune  marked  and  stronger.  The  stri»  of  growth  aro  numerous  and  well 
marked  towards  the  anioior  and;  ammbef  of  weak, revolving  keela  separated 
by  rather  broad  intcrstiees  are  visible. 

The  aperture  is  long  and  uarroWj  expanded  at  tho  anterior,  deeply  out  out  at  the 
posterior  end;  the  outer  lip  is  tiiiok  but  sharp  and  cutting. 

Zone  of  0*m9eUart»  martiniana,  Minbu. 
Zone  of  Paraeyathut  caeruleus,  Yenansryat. 

Remark*. — In  my  previous  memoir  I  identified  Co»m«  javam;  £.  Martin,  with 
this  spaoiaB,  but  I  think  it  preferable  to  adopt  now  a  nether  view.  Oo»u»  Janmu, 
Martin*  is  unquestionably  a  oloso  relative  of  Conut  fnalaccantu,  the  characters  ol  the 
step-like  spire  being  the  same  in  both  spocits,  but  on  the  other  hand  Cunut  jaeanut 
don  not  show  the  spiral  lines  on  the  anterior  part  of  the  body  whorl,  a  feature  whioh 
is  trell  marked  hi  all  the  qpedmens  I  examined.  The  abmioe  vi  this  diaiaoter  in 
Opnitt  javanu$  maj  be  due  to  the  state  of  preservation,  though  it  appears  as  if  flus 
species  Is  well  prcsnrvetl.  My  view  of  tho  absence  of  thos*^'  s]>iral  lines  seems  to  be 
supported  by  the  description  in  wiuch  they  are  not  mentioned,  and  if  I  be  correct. 
Ibis  featora  mold  f onn  a  good  spenfle  disknetion  from  Oomu  Javmuu,  though  this 
species  may  otherwise  ho  closely  related  to  Oonui  malaccanH$ . 

Professor  Martin  has  recently  described  another  species,  Owns  o</e«;7i»n»i*,  which 
even  seems  to  have  a  closer  relationship  to  the  species  here  examined,  than  Conut 
jamamtt.  PvofeMor  Ifaitin  himself  draws  attention  to  the  dose  rdationship  of 
ConiM  odengenfis  mi  Conu»  malacrnnug,  Init  bo  is  inclined  to  consider  them  specific- 
ally different,  because  he  did  not  observe  either  the  twisted  columella,  or  the  close 
spiral  atria  on  the  aaitarfor  part  of  Ibe  bo^  whorl  of  Omhs  Mefflcensiit.  The  latter 
eibanustar  nemsto  me  of  no  great  importance^  heoanse  as  lon^p  as  the  spiral  striae  ave 
present,  it  do^'s  not  matter  whether  thny  are  a  little  closer  or  wider  apart.  In  the 
specimen  I  examined  they  are  certainly  not  much  wider  than  in  tlie  fossil  species,  but 
Sfvan  If  the  examination  of  a  larger  nnmber  of  fossil  and  living  species  would  prove  that 
tiie  spiral  strlio  or  lines  are  habitually  closer  in  the  fossil  than  in  tl.i'  living  species* 
would  such  a  difference  which  unquestionably  has  to  be  considt^red  in  au  evolution> 
aiy  light  constitute  a  speuiiio  character  ?    I  think  decidedly  not. 

A  flinilar  ssgnmentation  may  apply  to  tiie  twisting  of  the  oolttmdla  wbiidi 
di0ws  oertaiidy  a  Taiying  degree  in  FxoCeaaor  Harlinli  own  il^^ 
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To  summarizo,  I  think  that  the  species  which  I  here  described  under  the  name 
of  Coi»tM  meUacoamu  is  identical  with  the  living  species,  and  most  probably  alio  with 
Oemuf  «denffeMia  tnm  jmk,  InA  in  intiieate  omh  Kke  tlw  alwn^  wlin 
diffiBiflincc»  may  perhaps  d«£l6b  ft  nuMi  be  kfi  totiM  ftoUMr  i»  leMto  fiorliiBiMiU 
tviiiflli  Tiew  he  will  take. 

Odnm  malaeeanua  is  easily  difitingmghed  from  mU  ih»  oOibis  liere  deaoribed  by 
the  peooUar  atop-Uke  appearanoe  of  the  low  spire,  and  the  gimnnlated  eariier  tgin 
idiorls. 

I  hare  carefully  compared  the  spedmena  under  examination  with  Contit 
matmeoamM  from  the  Indian  Ooean,  and  I  can  find  no  other  difference,  but  that 
fhcjy  do  not  seem  to  attain  the  size  of  the  living ifedmen ;  in  all  other  details  they  are 
exactly  alike  it ;  the  lirincr  Conua  tnalacpaHt$»  has  an  apical  angle  of  lbO°,  in  the  fossil 
one  it  is  while  the  angle  of  the  body  whorl  is  29°,  and  in  the  fossil  speeimen  26°. 
Btill  more  oontindng  are  the  oharaoters  of  flie  spire:  the  grannlated  keel ol the 
earlier  spire  whorls  is  well  visible,  and  the  Btep4ike  profile  of  theipize  is  well  marked. 


Colors  ATAlaais,  spec,  nov.,  PL  XXIII,  figs.  15,  a-b,  16, 

Height    .      .     .   4ft  mm. 
Width  .      .    »  • 

ail|b  «f  b«<l;  K-borl  .   SST  . 

The  shell  is  of  m(Kl<'rnte  si7;e,  conicrtl  in  shape' end  oompoMd  of  a  iaidy  elevated 
spiro  and  a  high  accumiuate  body  whorl. 
Embryonio  whoris  not  observed. 

The  spire  is  composed  of  not  less  tlim  ten  whorls  separated  by  a  sharp  suture, 
and  increases  very  slowly  in  height ;  during  the  brephic  stage  the  surfact;  of  the 
whorls  formed  an  angle  of  about  lu"  with  the  suture;  this  angle  gradually  llatteos 
denranptotbepeiivltiiiiBte  whedwhenftbeoooieiaUttlelarg^  tte  profile 
line  of  the  spire  is  therefore  S-shaped.  The  surrace  is  covered  with  abont  eighty 
rounded  revolving  linos,  which  are  crossed  by  coarse  strite  of  growth. 

Thebody  whorl  IB  mtherlazge,  broad  at  its  posterior,  accuminate  towards  its 
■ateckr  end.  A  rounded,  thoogh  dietbeUy  marked  keel  sets  off  a  small  posterior 
portion  slopins;  gently  towards  the  suture,  and  a  largo  anterior  ooe^  sloping  in  op]Hisit(> 
direction.  As  the  posterior  portion  is  slightly  canaliculate,  a  featoie  which  already 
begins  00  the  penultimate  whorl,  the  profile  Kne  is  repnsented  by  an  obtuse  angle  « 
Itaving  a  short,  concave  posterior,  and  a  long  straight  posterior  side.  The  leirdving 
lines  !u>?ire(l  on  the  spire  wliorls  liave  almost  disappe'in'd,  only  one  or  two  Hr.es 
remaining,  though  they  are  rather  indistinct ;  on  the  other  hand  the  strin  of  growth 
beeome  stronger ;  near  the  apertore  the  snrCaoe  is  still  oovend  with  a  brown  shiny 
epidermis  and  the  striae  of  growth  become  very  numcrooa  and  oloeoly  set.  Towards 
the  anterior  end  a  number  of  weak,  xerolviag  keda,  aeptiated'by  xatber  bxoad 
intentioes,  are  tisible. 
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Otologteal  oeeurrenee. — 

Zone  of  Myiiltu  nicobarieut.  Bingo. 

Zotie  of  Meiocardia  iin'tuvulgarit^  SiogV* 

Zone  of  Area  theobaldi,  Kama. 

Zone  of  PitnMgUptpeduM  prototonfuemmt  Kjua^ 

Zone  of  Phol(u  orientals,  Thavetmjo, 

Zone  of  Aricia  humerona,  TliayetmayOk 

Zone  of  Cytherea  erj/eiita,  I'rome. 

Mmark$. — OtaNWMMiiRil*  is  ao  similar  to  Coaut  tnalaecaniu  that  at  tho  first 
botli  ipeeiM  might  be  oonaidered  the  aame;  on  oloser  enminaibn  it  will, 

however,  be  seen  that  they  arc  decidedly  dilTt'rent :  Coutts  ncfii'iisis  hns  a  iii^'lier  spire 
and  C09.  ^='51  is  considerabljr  laiger  than  that  of  C"»m  maluocanut  which  is  -it  to 
4S ;  the  atep-like  spiie  M  well  ai  iti  ooncMve  profile  line  form  another  distinctiTe 
feeture  of  Comu  mUaeeaimt ;  in  Contu  ava^ifcit  the  profile  line  ia  B-^haped,  and  eaeb 
iHiorl  eonios  close  up  to  the  kts'l  of  its  |n"fslece<sor. 

I  have  not  been  able  to  find  any  living  rolative  of  this  species,  though  I  cannot 
atata  with  oartainty  that  then  «d>ts  none,  hot  it  aeema  that  there  is  a  oeitain 
■milariiy  with  GaisM  die*r«|^bniM«,  Desh,  trem  the  Booene  of  Vmm* 

Covin  TDLlUVm^  spec,  nor.,  PI  XXm,  figs.  21,  22, 

Hright  ...  25   mm.  (kpproz.j. 

Width  .       .      .  IS*  » 

Apical  %nf^i!  .       •       .  80* 

AnKle  uf  wImwI        .  26* 

The  shell  is  of  small  size,  double  eoninni  in  shape  ooDUSting  oC  an  elevated 
tuneted  spire  and  a  large  accuminate  body  whorl. 
Embxyooio  whoris  not  obeerred. 

The  apure  oonsists  of  about  seven  flat  whorls,  separated  hy  a  •>h:ir\>  suture;  the 
surface  of  tho  whorls  forms  a  steep  anarlc  with  tho  suture  which  bctomns  only  sliijhtly 
flatter  on  tho  later  ones ;  the  prulilo  line  is  slightly  curved  but  sharply  step-like 
beoanse  each  aooeeeding  whorl  does  not  reaeh  up  to  the  keel  of  the  preceding  ooe. 
Hie  surface  ia  ooTSied  with  numerous  exceedingly  fine  revolving  lines. 

The  ho<ly  whorl  is  high,  broad  at  the  posterior,  aocuTnin.ito  at  the  anterior  end, 
divided  by  a  sharp  keel  into  a  small  posterior  part,  guutly  sloping  towards  the 
aatoie  and  a  hmg  antenor  one,  doping  in  oppodte  direetfoii.  The  pfofile  line  of 
the  body  whorl  forms,  therefore,  an  obtuse  anjlc  having  two  straight  sides,  a 
shorter  posterior  and  a  larger  anterior  one.  Surface  porfeetly  smooth  except  for 
niuucrous  striw  of  growth ;  there  appear,  however,  a  few  indistinct  spiral  lines  on 
(he  anterior  end. 

Aperture  narrow,  ant(  riorlj  appaiently  not  expanded. 

Gettofieal  occurrence . — 

Zone  at  AruM  lumerpta,  Thayetn^o. 

Zona  of  FormlMipipedum  fruMoHiMmm^  Kama. 
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Sima^k$.—  \  ht^itatod  for  a  long  time  htSon  I  distinguished  thig  species  under 
a  separate  name,  but  on  examining  and  comparing  its  fcatunw  with  thnse  of  the 
other  species  here  described}  I  found  that  it  would  be  iiupostsible  to  unite  it  with 
anj  one  of  them.  In  dupe  Oom»  futtfamM  i»  alauMt  tiie  iKiiie  m  CImm  *«wm 
ezoept  that  the  spire  ia  certainly  a  little  lower,  the  difference  in  the  apical  angle 
being  about  10";  a  more  distinctive  feature  is,  howerer,  the  omamontation  of  the 
hoiy  whuri  which  ia  covered  with  engraved  Unca  in  Conu$  hanea,  while  it  is  perfectly 
smooth  ezoept  for  a  few  tjfiai  Knee  on  the  interior  end  inConw  faMNwt.  On  the 
other  hand,  it  heeiB  hj  the  hitter  character  a  great  similarity  to  Conut  malaoeanm$f 
but  the  spire  of  this  species  is  much  lower  and  the  apical  angle  larger  than  in  C'»««* 
jfuleiantu;  the  spire  of  this  species  is  also  much  less  step-like  than  in  Conut 
mmheeami$. 

Prom  Convt  maenth  it  difTerf,  by  a  liigber  qirs,  oompoted  of  step-lilce  vrtuniliy 
OQirered  with  much  liner  revolving  Btriae. 

•  The  specimen  is  too  ill-preserved  to  allow  of  a  comparison  with  either  Utiiis 
orfoa^apadei. 

Ooitm  HAVSA,  apee.  nor.,  PL  XZm,  ilgi.  28, 84^  84e. 
UiAMiBiKnn. 

I  II 

Hriflit        ...  If  MkOWN^  •  aib 

WUtb         .      .     .  U    «  M  « 

Apiokl  ancle    .      .      .  W* 

AagU  of  body  wtM»I       .  S6*(r)  4/f 

The  shell  is  of  small  ^be  only,  donble  conical  in  shape  «l?PaMrtllfg  of  a  high  ele» 
vated  spire  and  a  large  attenuated  body  whorl. 

Then  ace  time  to  fonr  zomided  and  unooih  embiyania  wharh^  whieih  fonned 
a  high  spire  during  the  brephic  stage. 

The  spire  is  composed  of  about  six  whorls,  separated  by  a  sharp  suture  ;  the 
■orhioe  of  the  whorls  is  steeply  inclined  towards  the  suture  in  the  earlier  whorls, 
hut  beoomea  flatter  with  adyanoing  age;  aa  eadi  aoooeeding  wbaA  doea  not  xcaoh 
up  to  the  preceding  one,  the  profile  Hnc  of  the  spire  is,  though eumd,  diriinstlj  atep* 
like.   The  ornamentation  consists  of  a  few  revolving  lines. 

The  body  whorl  is  large,  broad  at  its  posterior,  aocuminate  at  its  anterior  end; 
a  sharp  keel  aets  off  a  small  poaterior  pert  irUoh  ia  dightiy  oonesTe,  alofing 
towards  the  suture,  from  a  large  anterior  one  sloping  in  opposite  direction.  The 
revolving  lines  have  disappeared  on  the  posterior  part,  and  there  are  only  striae  of 
growth  a  few  of  which  aro  raised  and  sharper  than  the  othen,  following  at  regular 
intervals,  thna  imitating  longitudinal  riba.  The  whole  length  of  the  anterior  part  ia 
covered  with  ahont  20b  deeply  engiared  tefdvimp  linea,  aepaiated  by  bnid  and  flat 
interstices. 

Aperture  not  obserred. 

GaolsHwMl  aoMifrMMf ^ 

2one  of  FvMtUptftdttm  pnMortmommt  Kama. 
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rais»l  on  a  hrn^il  Vinsis  is  almost  the  same  as  that  of  OontM  pMamu,  it  diffen  £roin 
it)  as  well  as  from  all  the  other  species  here  described,  by  the  ornamentation  of  the 
body  whorL  In  all  the  other  ipaoiH  it  ia  only  prorided,  towards  the  anterior  end> 
wiAfteartaiiimiiiiibegr«f  nniaded  spfiial  kwla,wpu»ted  I7  linear  intentiBM;  in 
Oomt$  hanen  tho  whole  smtMW  it  eofocod  iritti  dittiify  engnrcd  Uim  tvgmM  hj 
flftt  Inoad  interstices. 

(kmm  tjaringinentit,  E.  Uartiii,  oddUli  ft  oari^  niiiilarity  witli  ibb 
■pedMb  t&oogh  it  seems  certain  that  it  is  diflerent 

Among  tho  living  species  Conut  lacteu$  and  Conut  $ubulatu»,  Eiencr,  exhibit 
a  similar  omamcntatiou  of  the  body  whorl,  but  both  apeciea  show  a  much  len 
etarsied  ipire. 

.  It  is  under  these  oirctunstanoes  rather  difficult  to  settle  the  relationahip  of 
Conut  hnma  it  seems  certain  that  it  has  no  relative  in  tlio  Eocene  of  Paris,  neither 
could  I  find  a  similar  species  among  tho  fauna  of  tho  Indian  Ocean,  but  it  seems  that 
CtfMMf  «iii«iM4t,  Sov.,  i8aiieari«lathr0,ftqmtioniH^  eanld  not  dedde  lifting 
no  specimens  of  that  species  for  comparison.  It  is,  therefore,  probable  that  Cmm 
AaMM  leprawnti  a  type  eztinot  anuwg  the  pNioat  famiA  of  tha  Indiaa  Oocan. 


CoNUs  (LeftOcosds)  pr.oi  ofurvus,  spaa,  nov.,  PL  XXIII,  fin^i.  2.'i,  a-h,  2G,  a-b. 
ISdi.  C»mtu  {LiplMtmiu)  MPfiMUM,  MoeUing,  MiowM  F«M.  Upper  Bonoa,  Mam.  Gtolsg.  Sam;  ot  lii<Ut« 

]Mi,T(l.xxm^«,|lZ.  i^tk«%ak 


BififU  '.'1    mm.  (ipiMKli 

WMik  193  „ 

Apic&l  »nf;ii>  .  66° 

Anslr  of  body  whcrl  .  25' 

The  shoU  is  of  small  sise,  double  corneal  in  shape,  being  oompcaed  of  a  high 
alerated  spire  and  a  long  aoouminate  body  whouL 

Embryonic  whorls  not  observed. 

Tho  high  elevated  spiro  consists  of  at  least  six  whorls,  separated  by  a  doep 
aature ;  the  surface  of  the  whorls  forma  a  ataep  angle  with  the  suture,  whieh  dow 
not  aaem  to  change  much  with  advancing  ago;  the  praflla  line  is  therefore  almost 
■trai^ltt,  l)ut  slightly  step-like,  heoania  aadi  aooeeading  whovl  does  not  fully 
xeaoh  up  to  the  preceding  one. 

The  hody  whoii  ia  Ugh,  Taflwr  naraovat  its  posterior  end,  aoenminatein  licont. 
A  sharp  keel  sets  off  a  small  posterior  part  which  gently  slop's  towards  tho  suture 
from  a  larger  anterior  one,  sloping  in  opposite  direction.  About  onc-lialf  to  two- 
thirds  of  tho  surface  is  smooth ;  the  anteri(xr  half  or  third  is  covered  urith  deeply 
cngiaTedrerolving  lines,  separated  by  hroadinterilieeawUaliafealnuati^^  into 
libe  near  the  anteikir  end.  flhise  of  growth  numerous,  bnt  aomewhat  imgolair. 

Aperture  l<mg^  Taiy  nanoTa  ooter  lip  thin  and  ahacp. 
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Zone  of  Paracyathut  caeruleut,  Tenan^at. 
Zaae  of  Faratletip^tedtm  pnUotortuotnm,  Kama. 

jB0M«fte.««»The  gemflial  shape  of  0$mt»  proiofttrvtH  Towmbka  greatly  that  of 
Cenui  ffalem»i$t  trom  ^xUk  It  is  eaiily  distinguiahed  by  the  characters  of  the  spire ; 
in  Conut  ffalenti$  thd  upper  part  of  tlip  whorls,  i.e.,  ihai  which  is  visible  of  the  spire^ 
is  deeply  canal  icnlate;  in  Oonut  jtrotofurvu*  it  xb  perfectly  flat  so  that  all  the  whoiria 
awi^Mrt  floab  irHli  «Mh  oiher;  tiumglk  ih»  tpiie  is  mmemttk  ifeeii-lik*  it  iwrar 
altains  that  degree  as  ohserred  in  Oonu$  galenint. 

In  my  provions  iiu-nn  ir  T  idontifiwi  this  species  vrith  Conus  mofj-juVo/tt*,  Soworby, 
but  I  think  it  better  to  distinguish  it  under  a  special  name.  Conua  maryitatut  has 
apponntlj  a  lower  spire,  and  its  Trhorls  are  eanalienlaie  and  not  pla&  m  in  Obrnw 
froto/urvut. 

There  is  no  similar  species  (lescrihed  froiu  cither  Java  or  Sumafrn,  nor  could  I 
ftod  among  the  fauna  of  the  Indian  Ocean  a  specieet  which  could  be  compared  to  it 
On  {he  other  hand,  Otmut  fwmu,  Eeene,  from  the  PUHppae  Islands  ezhibits  tiie 
greatest  simikirilgr*  the  diief  distinguishing  feature  hnng .%  iMger  dto;  but  as  I 

oould  not  compjine  a  specimen  of  that  species  I  refrain  from  oxpressin?  any  further 
q;iiinion  except  that  it  is  very  probable  that  Conua  proto/urvut  ruprosonta  a  type 
eacttnot  among  Vbo  fanna  of  the  Jbdian  Ooean. 

Omrm  eiumu,  apeo.  nor.,  PL  ZXUI,  flg.  S7.  o-fc 
MufoapBirrs. 

Hrl^'ht      .      •      •      iO  mm.  (apptex.^ 

yi'Mi     .    I,    (     a  y 

Apual  ugi«       .  . 

The  shell  is  of  small  size,  elongate  and  double  conical  inahapfl^  oompoaed  of  an 
elevated  turreted  spire  and  a  hi^'h,  aoouminato  body  wilorL 
Embryonic  whorls  not  observed. 

Only  two  and  ahatt  apfae  whoria  are  ftmawl,  bn*  th^  fvoro  fftat.tiie  aplfe 

was  elevated  and  oompos<!d  of  rather  low  -whorfe,  which  were  deeply  canaliculate  on 
the  upper  side  and  set  with  fine  granulations  along  the  keel;  as  each  .<nicccedin<;  whorl 
kaves  free  a  eonffdeiable  part  of  the  preee^ng  one,<  the  step-like  profile  line  of  the 
spire  is  more  pronounced  than  in  any  of  tba  ether  speeioa. 

The  body  Avhorl  is  rather  hii?h,  not  very  broad  at  its  posterior  end,  aoouminate 
anteriorly ;  a  sharp  keel  divides  a  narrow,  deeply  canaliculate  posterior  portion, 
sloping  towanls  the-  sutare  fniii  a  large  anteikr  one,  sloping  in  opposite  direction. 
The  fNfiU  line  is  th«efore  lepreaented  by  a  Otu^  an^  having  a  short  deepfy 
oraeave  posterior  and  a  large  apparently  slightly  concave  rintenor  side. 

Tha  surface  is  smooth,  but  there  appear  a  few  indistinctly  visible  revolving 
HneaoAthepoetefiovpartiaotwyiethft  aatstioraBe  b«a»  aba«t  6— T deeply  en- 
grared  lines  separated  by  broad  flat  ihtentioeSk. 

BtrliBof  growth  indistinet. 
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Apertuic  long,  narrow,  outer  lip  ap|)arentiy  tliin  and  sharp. 

Zone  of  Faraeyathna  caeruleut,  Yenangyat. 

Bemarks. — Conm  galermg  bears  the  eroatost  similarity  to  Conu»  tnargaritatut. 
Bow.,  but  it  is  easily  distinguisbod  from  that  8X)Ccics  bjr  the  deeply  canalioulate 
whorls,  tnd  tlie  tfaronglj  iiep*]ike  profile  Une  of  die  tj^m 

I  remarked  above  that  the  anterior  side  of  the  profile  line  of  the  body  whoil  it 
slightly  concave ;  having  only  one  specimen  under  examination  I  am  not  quito 
aore  whether  this  feature,  which  is  just  perceptible,  is  an  original  one  or  due  to  dia* 
flguntiM  by  iMMm. 

T  have  not  boon  able  to  tnuie  any  tosil  or  Ywm^  reUtivo  of  fUs  Bpedn»  vllkll 
with  the  greatest  probability  fefnmiiti  u  ostinot  tjype. 


III.  Order:  OPISTnOJJRAisCUIA,  Milne  Edwards. 
VMnify:  iCTJBOSa^,  Gmy. 
Genus:  Alt^OICULA. 
Bneicuii*.  tubbtta,  E.  Ibitiii,  IL  TTfTT,  ft, 

Utt-«r.  JMviMfelwvita;,  K.llHlb, ninK.hr.  tuf  .Uv...  B<'--.r.  iuvGiiLOM.  hmmm  mil  AiikdlMb M 

iir.,T«k  III,  p.  4«.  pL  IV,  ag.  is,. 

MiAsmnnirn. 

U-TiKth        .       3  UB. 
Width        .      2  „ 

The  minute  shell  is  oval  in  shape,  rather  globose  and  consists  of  a  very  short 
spin  and  a  oomparatiTely  large  and  inflated  body  whoiL 

There  arc  throe  rounded  i^M  irtkori*  Mfarated  bj  a  rather  deep  suture ;  it  is  not 
quite  clear  whether  they  are  8niootii«  or  evroied  with  the  tame  flat  lerolTing  oinA* 
mentation  as  the  body  whorL 

Hm  bo^wlmrl  is  ntlwr  large  ooenpyfo(p  at  leaattwo>t]ibds  of  the  total  luiglit, 
^oboaei  slightly  accuminatc  in  front.  The  ornamentation  ronsi-^is  of  very  fine 
rnunded  revolvinir  k(>(>ls  -tvliicb  cover  the  whole  of  the  surfaoe  and  are  sopaiated  by 
interstices  ol  their  own  breatllh, 

7!lie  apertniB  is  ratto  la^  anteriorly  Inoad,  aoonminite  m  porioite 
the  outer  lip  tliick,  rcfli^cted,  inner  lip  eallons,  but  well  set  ofT  against  tlie  otter  part 
of  the  surface.  There  are  two  strong  oblique  ooUumellar  plaits. 

QtoUtgioai  emmrrmte^ 

Zottt  of  PM^atttUpipednm  prototortuomm,  Kama. 

JSp7;u(rA-«.— Only  a  ^ini^lo  specimen  whieh  is  -nnt  pnrticiilarly  well  pre<!orved 
hai  oome  under  examination,  but  it  agrees  perfoctly  well  with  Eingicula  turriUti 
E»  Hartin,  as  r^sards  Bhap^  oraameatatiooi  and  duuneter  of  tba  i^egrtmo. ' 
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IV.— ARTHROPODA. 
Clam  I  CBUSTACEA. 
(Mer:  CIBBIPBDIA. 
Baani^:  BdLdMWJi,  Daw. 

Gemifl:  BALANUS  LIBIL 

BAl.Airus  TiNTiNXAOCJL'DH,  Liune,  PL  XXIV,  figs.  1,  2. 
int.  JriMW a'tok.  ten.  to  Alls  fNi.a«  Onqpi  Van.  4*  llMb,  p>.  (41,  pi  XXIV,  fig.  Ifi. 

Tot.III.^iOb|LIII,l■.at. 

This  species  it  tfatingnfaheJ  by  fine  porat  lAiA  penueaie  the  wtlU,  and  a 

oanoellated  basis. 

OeologictU  <wffw<».— 

Zone  of  MytUua  nicoharicut,  SinflpiL 

Zone  of  Meiocardia  metarnlgaris,  Sinjij. 

Zone  of  Cance^toria  nor<i»ia«a,  Minbu. 

Zone  of  Porwiyaftat  AMfdieiMb  T«uuifjai. 

Zone  of  Jrca  theobaldi,  Kama. 

Zone  of  Farallelipipedam  prototorfuontmt  Kama. 

Zone  of  Arioia  humerota,  Tbajetmjo. 

ZoM  of  <]^lilenM  jfftffcio,  Pranwk 
B«HarJfct.«IfalfyBgraewitiilfartm  who  {hiaks  HiatMieana.  d'AxdAM  and 
Haime's  Balaimt  tubtcevit  is  identical  with  B<ilnnu»  tinlinnabulum,  Lin.  On 
the  other  hand,  I  think  that  the  aame  applies  to  Halainn  nublcevig.  Sow.,  a  view 
trkibli]i  perhaps  iMtireoili&  if  veodBiidat  tie  varying  &bape  the  test  of  Balanus 
takM. 

Order:  BBOAPODA. 
Sub-order:  MACftUBA,  Latr. 
BunOr:  TSALA88lNIl>Jt,  ILK 
Gflnni:  OALLUNASSA.  LaoAh. 

Oauuimma  wnauxxOk,  speo.  nar^  PL  ZZIV,  flga.  9,      4^      0,  a-d. 

Only  fraj?mcnts  of  hoi li  Lands  have  come  uiuh-rfxamination  which  are,  however, 
distinguished  b;  a  large  size ;  the  largest  specimen  measuring  31  mm.  in  heii^ht  and 
Blightly  more  fhaa  81  sun.  bk  lBB§|dL  vithoufc  indwding  the  imniOTeable  finger. 
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The  hand  is,  therefore,  almost  square  in  shape.  The  flztt-rnal  side  is  tuiuid,  tils 
internal  one  flat,  slightly  concaro  at  the  base  of  the  immovcalilp  fin:»er. 

The  external  side  is  oorered  with  numeroiis,  fine  granules  which  are  rather  uu« 
ereiify  dialtilrated  aoftd  wpualad  1>7 1vo«d  iniott^ 

stronger  at  the  proxiinal  end,  and  still  more  so  towards  the  base  of  the  fingers,  where 
they  attain  the  strength  of  big,  rounded  tubcrculos.  At  the  base  of  the  immoveable 
finger  some  ol  the  strongest  tubercles  are  arranged  in  a  row,  which  apparently 
eKtandi  in  antflrior  dinotkn  on  its  eitenud  aide.  Similar  gimnlea  ore  on  flie 
irtminl  sidn,  hut  liore  tli(>y  become  strnnf^er,  more  numerous  and  closely  set  towards 
the  lower  edge  and  the  baae  of  the  immorcaltle  finger.  Lower  edge  finely  serrated. 
Impair  edge  only  set  iriili  nfair  ahort  spines  at  its  poaterior  end.  A  atrong  pointed 
thorn  on  the  lower  edge  of  tin  ImBe  of  tiie  moveable  finger.  Poiea  apparently 
restricted  to  tbc  lower  posterior  comer,  none  otMarred  on  eitlisr  edge;  neither 
moveable  or  immoyeable  finger  preserved. 
0«elsitrMMl  oeemrenM. — 

Zone  of  MytilttM  tvicoharitm,  Sin^n. 

Zone  of  JUeiocardia  metavuhjaris,  Singu. 

Zone  of  Cancellaria  martinianat  Minbu. 

Zone  of  PenMrjwfilw  eaentieiUt  Yenangyat. 

Zone  of  Area  theobaldi,  Kama. 

Zone  of  Paralle'ipipedum  prototortuowm,  Kama. 

.fitffflarAr<.— This  species  is  so  similar  to  Callianaua  dijki,  K.  Martin,  that  I  have 
lorakngtimehoritstedtodiatingQiahitniideraneir  name.  The  shape  of  the  hand 

and  its  ornamentation  are  so  alike  in  both  species  that  it  appears  difficult  to 
discover  any  diflereucea.  After  carcfnUy  cnnsiileriiig  all  the  characters  I  think 
CtUiiaaafo  birmaHtea  can  be  distinguished  in  the  following  way  :  the  hand  attains 
apparently  a  lai^  aise  and  the  grannlation  is  much  ooaiaer;  the  diiat  diitinetiTe 
feature  is  the  absence  of  the  pores  along  the  lower  edge*  but  the  preeenoo  of  an  irregu- 
larly distributctl  Tiuml>rr  of  them  on  the  lower  posterior  corner  of  the  internal  side. 

K.  liartin  states  that  Calltanaaaa  dijki  bears  the  greatest  similarily  to  Coilia- 
MMsa  SMciiMi,  A.  M.  Edwarda,  from  Siam.  Vnfortanately  I  have  not  heen  aUe  to 
onnpare  the  paper  quoted,  the  Arch.  duMxueum  d'hist.  nat.  of  Paris  not  bein£»  in  the 
library  of  the  Geolo'.'ical  Department,  but  to  judge  from  Martin's  remarks,  CaUia- 
naasa  maxima,  M.  E.,  must  be  clotscly  related  to,  if  not  identical  with,  CaUia»aM» 

MMHOIlietf. 

Snb^er :  BBACHYURA,  Latr. 
family :  OXYSTOMATA,  Milne  Edwards. 

Genns :  CALAPPA^  Pahr. 

Calappa  FUOTOi'usTi'LOSA,  spec.  nov.,  PI.  XXIV,  fig.  G,  o-ft. 

The  carapace  is  subcircular  in  shape,  its  length  23  5  mm.  being  only  slightly 
amaUer  than  the  hieadih  vith  96*5  nn.  Hm  upper  anzftoe  ia  sbongly  enrvad  ia 
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antoro-posterior,  more  flatly  in  lateral  direction.  Antero-  lateral  and  postcro-lateral 
maigia  form  almost  a  flemicirole.  The  antero-latenl  margin  ia  set  trith  fine  oom- 
jibwdJ  nd  elongate  tabenlM ;  Hhem  alow  tofhsortital  edge  being  slightly  largar 
then  the  others ;  postcro-lateral  maigin  set  with  fttMAf  fiTe short  spines  separated 
by  rather  broad  intervals  and  apparently  increasing  in  peeteior  dlMOtiao.  PoitMialr 
yn^tiyina  not  observed  but  probably,  rather  short. 

Erantel  lobe  isUmt  hraad  hnft  eafortaBately  deaoi^t  w  oennot  be  aeid 
whether  it  is  bilobed  or  not,  but  it  projected  certainly  beyond  the  level  of  the  orbit. 
Supra-orbital  mai^n  tumid,  the  external  angle  apparently  set  with  two  short  broad 
spines.  The  i^ions  are,  with  the  exoeptioa  ol  the  gastro-oaidiao  region  which  is 
deliiieBtedbjtvoloiigitvdiiialfaminwhidiiiiev^  ia  poe* 

inior  direction,  not  well  marked. 

The  gastro*cardiac  regioo  forma  a  high,  rather  narrow  rounded  ridgo,  the  anterior 
p(Htion  of  which  is  set  witih  a  ftnr  Ibt  tnberoles  «C  xetiMr  large  size,  while  the 
poaterior  part  b  eppaieetly  smooth. 

There  is  no  differentiation  between  the  hepatieal  and  branchial  rej^ons ;  this 
part  of  the  carapace  bears  two  oblique  rows  of  low^rounded  tubercles;  the  external 
tow  begins  at  the  external  orbital  an^lo  and  terminatea  at  1h»  aeeoDd  ihom  of  the 
poatero-lateral  margin,  the  tubercles  gradually  incnasin^  in  sise  in  posterior 
direction  till  about  the  middle,  and  then  decreasinsjr  Bi:ain.  The  internal  row  begins 
at  the  anterior  end  of  the  gastro-cardiac  ridge  and  probably  terminates  at  the  corner 
ol  the  poateiO'lateia]  and  poaterior  margin.  Ita  poaterior  part  aeema  to  fam  a  kwr 
ridge  instead  of  isolated  tubercles. 

The  whole  surface  was  probably  oorered  with  Teiy  fine  dflea^  aet  grannlatiflnfc 

Oeohyical  occurrence,'— 

Sram  two  diffsrent  horiaona  of  nnkaown  poaition  near  Thayeloiyoi 

Setnarki. — The  whole  characters  of  this  species  are  so  similar  to  CaUvfp^t 
pu$tulo*a,  Alcock,  from  the  Indian  Ocean,  that  it  is  almost  difDcult  to  discover  any 
differences.  The  only  differences  which  I  oan  discover  ore  the  more  regularly 
emnnlated  anterfr-ktefal  margin,  and  the  smaller  tnberelea  tat  the  poatero-latotal 
margin. 

Qemu:  BBALTA^  Leeeli. 

EB4LXA  TtTBRKCf  LATA,  spec.  noT.,  PL  XXTV,  ilgs.  7,  7a. 

The  earapace  is  transversally  ovate,  its  breadth  16  mm.  being  laj^cr  than  its 
kagOi  18  mm.;  the  anterior,  larger,  part  is  semidrBnlar,  the  posterior  part  is  slightly 
amaller,  oontraoted  and  tnmcate  at  the  posterior  margin. 

The  antero-lateral  mnrgin  ia  curved,  and  apparently  set  with  a  f<'\v  oltsolete 
tboma;  the  junction  with  the  postero-lateral  mai^in  marked  by  a  short  spine.  Tha 
postero-lateral  maorgfai  is  straight  and  forma  a  rery  obtoae  an^  with  the  short 
poaterior  margin. 

Front  and  orbits  not  observed. 

The  division  of  the  regions  obsolete,  only  the  posterior  part  of  the  gastric  and 
the  eardiao  region  weU  setoff  from  Um branchial  rajpon,  by  deep 
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Time  fumws  hoEfin  on  either  side  of  tho  metai^nstric  lo>)e  and  quickly  gaining  in 
d^h,  continue  on  either  side  of  the  cardiac  region  as  far  as  the  posterior  margin, 
GMtrioBBdcaidiaoTCgimiqmtdLbjal^  tnnmiMl  fonoir.  The 

metagastrio  lobe  honrs  n  low  tuberde^  and  a  straQg  qrfiis  xbei  in  tlw  midiUs  of  Am 
fbrongly  oomTex  canUao  region. 

Hepatio  anil  Innbliiil  ngkni  amalgamaiad;  a  loir  inlMnde  w  boHi  tha 
aMwlMEuudiial  and  mfltalnaiMddal  klwi. 

tftologieal  oeemrrmM."' 

Horizon  unknown.  Thayetmyo. 
S0mark$, — I  have  not  been  able  to  disoorer  anj  living  or  fossil  relatire  of  this 


VaxaSHj :  CICLOMSTOfA,  UilDa  Edmidt. 

Genus:  NEFTUNUS,  de  Hann. 
Namrnin,  irao.,  PI.  XZIY,  figs.  8^  8a,  9, 0s. 

Tvo  fragments  of  hands,  a  left  and  a  right  one,  most  probably  belong  to  this 
smooth  and  the  external  aide  bears  two  kmgitudinal  zidgtat,  the 

lower  of  which  tcrminatos  rather  abruptly,  the  iiit^Tiial  side  bears  a  single  median 
ridge  directly  opp^isiti-  to  the  lowor  one  of  the  external  aidfl^  ending  ^ke  ^os 
abruptly  and  probably  in  a  short  spine. 

Otelogieml  tHmrr^noe^ 

ITnkBowii  Imiiain.  Tliayetmyo. 

Semaris. —Tlie  sjH'ciTnens  are  too  fragmentary  to  allow  of  taj  wmfKOKM 
with  either  living  species  or  those  described  by  Stolizcka  from  iSiud. 


Cancke,  srsc,  PI.  XXXIV.  Bgs.  10. 10s. 


UN.  Ftg^         Ho«lfa«  MiMHM  iM.  Vffr  Bbim.  TUm,  ONkg;  8««v  it  bdk,  UM,  T«L 

ZXTII,  f.  U. 

JhigBienUoClihekaiidaaiidltngenaf  a  laigeapedeiare  my  oomi^^  Tha 
fingan  are  a  liilile  inegfoladj  oumd  and  wt  with  nnmeRMi  Strang  talieralBB  and 
tiiorns. 

Oeolofiool  oeourrenef.— 

Zone  of  Caneelfffrja  merHnUna,  Ifinbu. 

Zone  of  Meioeardia  m'iaculgaru,  Singu.  i 
Boreral  unknown  horizons.    TLayetmyo  and  Prome. 
Jlemarlen.—Die  specimens  are  too  fragmentary  to  aUow  of  an  accurate  deter* 
mination,  and  I  preferred  to  express  my  Tiewa  i»  a  kBa  daoldod  way  tlian  I  did  m  iny 
r,  when  I  deteminad  tiiBU  aa  P«f  >fM^  spaa 

8  B  a 
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y^PISCES. 

i.  Subclass:  SKLACHII. 
1.  Older:  FULGIOeTOlCL 

1.  Sttb-oidflri  SQUALID  A 

Gcinu:  OZTBHINA,  Agttals. 

OznunvA  vamiu,  ipeo.  nor.}  FL  XXV,  flgs.  1,  8, 

The  teeth  are  of  small  die  only,  and  diatfagniahfld  bj  ilw  peonliar  teiminatioii 
of  ilw  ecown,  whioh  assumes  the  ahain  of  a  broad  aznnr-head* 

'  (a)  Median  ieeth. — The  largest  tooth  doos  not  rxfocfl  15'5  mm,  in  lon^^^h,  of 
ivliich  about  two-thirds  aie  farmed  by  the  crown.  The  root  is  rather  low  and  ap- 
pnently  not  dovpfy  Infnroated,  the  laieial  branohaa  Iwing  fhoeAm  ahofi  Ilia 
internal  sur&ce  is  strongly  oohtcx,  bcarin:;  a  shallov  ™im^<)*  for  tiienuwrtioii  tiC  the 
BSrve  in  the  centre  ;  the  eiffrnal  surfact;  is  flat. 

The  crown  is  elongate,  slender,  curved  inwards  at  the  base  and  again  outwards 
at  the  upper  end.  The  btecal  edges  wUdi  tn  loandod  near  fho  baaa  iapn  ali^ 
but  expand  quite  suddenly,  and  t)icn  conTaq;e  qidokly  towards  the  upper  end.  A 
dmp  comer  is  thus  pnKluccd,  and  from  this  point  the  lateral  edu'fvs  arr  sharp  and 
cutting.  Inner  sido.of  crown  strongly  convex  near  the  base,  but  ilatttinod  towards  the 
upper  end;  oateoF  aideflKt. 

(J)  Lateral  tee(h.—The  lateral  teeth  differ  from  the  median  teeth  chiefly  by  a 
broader  root,  and  by  the  lateral  edges  bcin?  sharp  and  cutting  from  base  to  top,  but 
the  crown  is  straight  like  that  of  the  median  teeth  and  not  turned  backwards. 

QtologM  99emrre»ee.— 

Unknown  horizon  near  Thayetmjo. 

^emarftt.— Hie  eorioua  arrow-hpod.  ahapo  of  the  crown  readily  distingiiiahea 
thiaipeoiea. 

OxTuuva.  SFAS&amaHn,  Bonaputeb  FL  XXV;  figs.  4    o-e,  6, 

'  The  teeth  are  of  amall  size  not  exceeding  17  mm*  in  length,  dander  and 
baeeolnta  in  ahspe ;  oown  mooh  higher  than  rook 
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(a)  XeHtm  U«th.— The  median  teeili  an  distinguished  by  a  nanow,  deeply 
bifurcated  root,  and  the  lateral  odgea  of  the  orowtt  being  sharp  only  for  the  upper  two 
thirds  and  rounded  at  the  Lasal  part.  The  root  is  rather  thick,  oxtemally  flat,  eren 
concave,  internally  strongly  convex,  bearing  &  deep  longitudinal  incision  for  tba  in- 
wrtion  of  tihe  nerve.  lis  lomr  part  ia  doping,  tlie  loweredge  eooeare,  &b  Moral 
hranclicM  '^hurt.  Tlie  CTOwn  is  elongate,  slender  and  lanceolate,  slightly  ourrod  inwards 
at  thf  base  and  outwards  at  thmipper  end,  the  lateral  odsjYs  arc  sharp  and  cutting  for 
the  upper  two-thinis,  but  rounds  near  the  basu.  The  internal  surface  ia  convex, 
the  outer  one  ia  flat.  Cross  aeelioa  near  the  Immo  almost  QirenUur. 

(i)  Lateral  teelh.—Thc  lateral  teetli  an  oharacterised  by  a  broad  Ufoxoated 
root,  while  the  edges  of  the  crown  aro  sharp  and  cutting  from  the  base  to  the  top. 
The  root  is  rather  low,  but  broad,  forming  two  long  lateral  branches  which  ai« 
flat  on  tiieeocfaBnal*  strongly  oonToz  on  tlie  internal  aids.  Hie  omra  baa  the  same 
sihape  as  that  of  the  median  teeth,  being  straight  and  not  fumetl  in  posterior  direc- 
tion, but  the  lateral  edges  are  sharp  and  cutting  from  top  to  base,  and  the  cross 
seotbn  at  iSbA  base  is  elliptical. 

OtottffM  oeeutrenee.— 

Zono  of  31ytilut  nicohnricw,  Singu. 
Zone  of  Cancellaria  inart'.niaHa,  Minbu. 
Zone  of  Fmraejfathut  cMrmln»t  Tenangyat. 
BMorjla.— Thia  ^eoias  ia  tttify  i^^t^AaA  fnai  OmfrUmm  j»ay«A«»  apoe. 
nor.,  1»7  tlie  abaenee  of  the  anoir-hflaid  like  eacpaBalaL  oC  the  iqpper  end. 


Gonus:  ALOPIAS,  Bafinesque. 

AiAma  vrntm,  Omelin,  PL  XZV,  fig.  7,  o-a 

Two  teeth  only  have  come  under  examiaation,  both  being  probably  from  the 
lateral  part  of  the  jaw ;  the  laigeat  mijaaimia  9'5mm.,  tlw  other  one  about  3  mm. 
in  height  The  root  is  very  low  bttt  hmad  and  haidfy  out  ont  at  tiio  kurar  edgoj  ita 
external  side  is  Hat,  the  internal  one  strongly  convex  and  dOfingait  ita  ^ffffWP  part, 
bearing  a  deep  inci&ion  for  the  nerve  in  the  middle. 

The  crown  is  zather  oompressed,  obliquely  triangular,  the  top  being  itian^ 
turned  in  posterior  direction.  The  edges  aM  aharp  and  cntting  for  the  nbde  of 
their  length ;  the  anterior  one  is  slightly  concave  at  the  base  and  very  oblique ;  the 
posterior  one  indented  near  the  base ;  the  upper  part  being  straight  and  almost 
rertieal,  the  lower  part  ouxred  and  horismitaL  Internal  and  external  snrhoo  afaong^ 
convex.  ' 

Geological  oeemrrfnee. — 

Unknown  horizon  near  Thayetmyo. 
SiMflris.— Thorn  aeematobe  no  doebt  fhatfhe  tootii  ha»  described  is  identioal 
iriih  the  teeth  aaotMerred  in  the  liring^lsipsMOMfpMk  GnuL 
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Gewis:  CABCHABODON,  Smith. 
Carchahodok  VKGAiiOnoir,  Agassi*,  PI.  XXV,  figs.  8,  8a. 

■n,  TaLIl.fwll,|LI.lv.nL 

A  sbgle  latoml  tooth  only  has  come  under  examinatia%  Iti  lengUi  ii  46  mm. 
and  its  gteate^t  breadth  about  10  mm.  Theintflniilude  is  flaft»tli»  ontav  «aiin«  Imt 
distinctly  flatt^ed  in  the  middle. 

Hm  foot  ii  Inoad.  Inift  loir  and  ttrongly  oompreHed,  iti  lomr  «dge  w  slightly 
onrred  that  tbe  laioral  hi»nohei  axe  Tery  ahori  No  hob  foar  the  iuMrtkn  cf  tha 
main  nerve. 

The  orovn  is  broadly  triangular,  just  alightly  cimed  badnraida.  Edgei 
shaiplty  aerraied,  no  teooodnry  lateral  teeth. 

Oeologicil  occurrenet^ 

rnknovm  horieon  near  Promo. 

BemarkM. — The  single  tooth  which  I  examined  agrees  so  well  with  Ccu-eiorodem 
megelodon  as  figured  by  K.  Uartin  tliat  ihm  can  he  aodonlit  as  to  fke  idsnti^, 
but  whether  this  species  is  really  idotioal  wifli  0«fsAoradM  «wyal«i0n»  Agam.t 
M  Mactin  beliorest  nemamsto  be  aaen. 

Family:  OARCBABUfJt. 

Gemu:  HBHIP&IBTISt  Agaasis. 

'Bxiaxmm  rnkk,  Agassii,  FI.  ZXT,  flgi.  9,«^«  10. 

(o)  Median  teeih.-^X  single  median  tooth  probably  from  the  lower  jnw  mpasnrca 
19  mm.  in  length  and  10  mm.  in  breadth ;  it  is  lanceolate  in  shape ;  and  the  crown  is 
mneh  higher  flmn  the  root.  The  root  is  oompantiTely  abort  «nd  deeply  bifoxoato  • 
tiio  external  side  is  flati  the  intenaljida  luiii^  in  the  in  the  shape  of  a  Ul|^ 
flOne  which  bears  a  deep  longitudinal  notch  for  the  insertion  of  the  n<^rrc. 

The  crown  is  rather  thick  at  the  base,  but  strongly  tapering  towards  the  top. 
The  internal  side  is  connex,  the  external  side  flat  Both  edges  am  set  with  diarp 
short  serrations  which  begin  as  very  small  ones  at  the  base  but  increase  in  length 
towards  the  top,  stopping  suddenly  a  short  distanffB  from  ity  io  that  the  last  portiaiB 
of  the  edges  are  smooth  and  not  serrated. 

.  (I)  LaUnA  teetlL^A  lateral  tooth  depriml  of  its  nxi«  is  itOl  imbedded  in  the 
matrix,  therefore  its  characters  can  only  be  partly  recogniied ;  it  seoma  that  the  crown 
was  rather  compressed,  and  its  top  turned  strongly  backwards;  the  anterior  edge  is 
oqhtox  and  set  with  fine  serrations,  gradually  increasing  towards  the  top ;  the  pos- 
terior edge  is  ooneare  and  the  serrations  much  stronger  than  on  the  anterior  aidoi 
incren<:ing  also  in  size  from  base  to  top.  The  lastportion  of  the  edges  is  free  from 
serrations  and  smooth. 
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OMlogioat  oetmrreuoe.^ 

Zom  of  Owe^kwia  wuurtMmim,  Minbn. 
Zone  of  Partuyatkui  eaeruUtu,  Tenaagyftt. 
UnkMnni  horiioin  omt  Uu^etmyo. 

Gontw:  CAaCHABIAS^  Cuviar. 

CtmiMW*!  (PKBOMODoir)  uvttRiovi,  HUkT  Mid  Haolflh  Ft  ZZT»  ilgi.  11, 

U,«-«,18,«-*,14,a-^  1«,«^ 

UN.  <llH^<r<w(fWnio<)»V  jjMftt  HMtUng,  llJowne  Fas.  Trp]ierBanublIia>OMl«t>  temr    latt^  MM* 

Td.  XZYU,  pt  I.  p.  45. 

Hw  teedi  an  of  small  abe  only,  none  exoeeding  14  mm.  in  length  and  rtranglf 
compressed.  The  crown  enliibite  a  "mfiag  tdangnlar  duqpe,  fhe  not  ie  abraji 

low  and  hardly  bifuroated. 

(a)  Median  teeik. — In  the  median  teeth  the  crown  takes  the  shape  of  an  eqni- 
bptenl  triangle,  with  nither  «  hcoad  ImuIb  and  aidea  wUoh  am  daeiilr  oonesve  near  the 

base  and  aftomards  straight.  Tlie  external  surface  is  flat,  the  internal  slightly 
ooncave.  The  edges  are  reiy  finely  serrated.  The  root  is  short,  but  broad,  internally 
ooDfe^  eiliilntinga  deep  indakm  for  the  insertion  of  the  nenre,  extenudly  flat,  and 
iModly  bifurcated. 

(b)  Lateral  teelh. — In  the  lateral  teeth  the  crown  taki^  the  shape  of  an  ohlique 
triangle,  the  point  of  which  is  more  or  less  turned  backwards ;  the  anterior  edge, 
theK^oro,  being  ibe  longer ,  the  poetexkirthediarier  aoei.  The  aamtlnns  appear  to 
be  dightly  stronger  than  in  the  median  teeth. 

Qtological  oeeurrenee. — 

Zone  of  Mjftiiu$  nioobarieuat  Singu. 

Zone  of  MHoourdia  metawlgnrit,  Saga. 

Zone  of  Caneellaria  marliniana,  Minbu. 

Zonis  of  Paraeyathui  eaerulew,  Yenangyat. 

Zone  of  JnopMheriim  birmanicum,  Yenangyoung. 

Unknown  hwiaon  near  Thayetmyo  and  Proma. 
Bemarkt. — ^Though  I  hare  not  been  able  to  study  the  teeth  of  CareharitM 
{Prionodon)  gongeticus  in  detail  I  have  not  the  slightest  doubt  that  the  specimens 
here  described  are  identical  with  it  as  they  seem  to  agree  so  far  as  I  have  been 
aide  to  anonftaliL 

Genoa :  GALSOGEBDO,  If  tUkr  and  Hank. 
OiiaoansOi  ona*  FL  ZZV,  1^.  16. 

UM.  flrfwwuii  yww  »wBN»  Milt  Foi^  Uppg  Boma.  Mm.  OwIh.  Biwytf  lafls,  im,  XITR 

pt  1.  p.  44. 

Two  fragments  of  teeth  lepreeent  unquestionably  this  genus,  but  they  are  too 
in-piaaemd  to  allov  of  a  apeoifio  detomiBation. 
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The  crown  is  triangular  in  shape,  the  point  sfroiiijly  turnwl  backwards  ;  anterior 
edge  oonveZt  wt  with  veiy  fine  serrations,  posterior  odgo  indented,  the  larger  upper 
portion  Mt  wttb  fliui  tenatMaiii  flut  miaUBr  loweir  one  boHuig  tiro  or  perhaps  time 
■mailer  dentionlatione,  the  edgoi  of  vlikdi  an  aecwted. 

Oeological  occ u rreiU0,—  • 
Zone  of  CaneettoHa  martinianaf  JUmbu. 

2.  Sub-order :  BATOIDEI, 
Ennily:  MTLIOBATIDJB,  Meendhff. 
Genus :  MTLIOBATES,  CuTier. 

MTLIOBAXlli  WBO.,  PI.  XXV.  figs.  17, 18.  0-6. 
US6.  lMM0t»*tt*«^  VMimf,  VImmBiw  Dqw  Buma,  Xib.  GmUc-  tmrwf  «»f  ladki,  IBM,  T«L 

Fngnumia  of  ilie  epine  do  not  eeem  to  be  wtfreqnent*  but  it  isimpaanUe  toMf 

whether  they  belong  to  oin'  nnd  the  same  Rpccies  or  not.  A  fragment  measuring 
about  27  mm.  in  lon(^  appears  to  differ  from  another  smaller  specimen  in  the 
shape  of  the  senationa  iritii  whidh  the  lateral  edges  are  set ;  in  this  particular  speci- 
men they  an  rather  long  and  so  strongly  cnrred  baokwazds  that  they  afauost  aeem 

to  lie  flat  upon  each  other  In  tlio  smaller  tipecinieii  thfv  are  rather  abort.  spinoOB 
and  well  separated  I'rom  each  other.   In  both  specimens  tho  soctiaa  ia  ellipticaL 

There  i%  bovrever,  a  third  specimen  irfakib  oonaiderably  differa  by  iti  seotjon 
from  the  focmeir  two  and  may  probably  represent  a  distinct  speoiea.   Tbo  upper  side 

is  strongly  convex,  ttie  lower  side  tiattcued  angular  and  narrower  than  llie  former 
one.   The  lateral  serrations  are  apparently  short  and  strongly  curved  backwards. 

Zone  of  Cancellarin  martinianot  Minhu. 

Zone  of  Anoplofherium  birmanicum,  Yenangjomig. 

Unknown  horizon  near  Thayetmyo. 

S.  Snb^olasa :  TBLB08TBI. 

Otolituus,  spec,  pi.  XXV,  figs.  19,  hia. 

IBSS.  OfrfMw         MoetliAg,  Uioom*  torn.  Upper  Bmah,  M«m.  Geolog.  Bnmj  of  IndU,  1B8B.  Vol.  XXVII, 

The  few  specimens  which  have  come  nndor  examination  seem  all  to  belong  to 
one  and  the  same  species.   They  do  not  cslubit  any  particular  distinguishing  fea- 
tures, and  are  f^panotly  not  represented  among  those  deaoiibed  by  Koken.' 
Oeological  occurrtneg.^ 

Zone  of  Paraeyathvt  eaeruleug,  Yenangyat. 

•  ZtitMiutift  i.  DmtMh.  ONlsg.  (hMUMkftft,  1881,  Vcd.  XXXVI.  f.  600. 
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SiLUEoiDAiiuM,  Gon.,  PI.  XXV,  flgi.  aO,  20o. 

A  fraf^ent  of  a  spine  which  probably  belooged  to  tho  pectoral  fin  of  a  sihiroid 
agrees  veiy  veil  with  a  similar  fragment  described  hy  Mr.  Lydeklcer  from  the 
ShraUki. 

Ofotoffieal  occiirr''nce. — 

Zone  of  jMoplotherium  btrmaiUciimf  YeoaDjoung. 


V^-RSPTHiIA. 

(MoT:  LBFlDOaAURIA.  '  ^ 

Sub-order:  OPHIDIA. 

Vmsajt  rrrBoxiDM. 

Qenua:  PYTHON,  Daudin. 
Pmioiv  Of.  musasm,  Linntf,  PL  ZXV»  figi.  SI,  n«. 

UN.  jyiMMlMk  l9Ute.  Ina.  IVr.      F<Mt«T.  y«iMwlii.T«l.III.       I  ul  i,npw  »m» 

A  single  specimen  of  a  vertebra  corrps]ionds  rerv  well  with  Lydekker's  figs.  6 
and  7,  pi.  XXXV,  ami  should  therefore  belong  to  the  anterior  part  of  the  caudal 

O$ological  occurrence. — 

Zone  of  AmofMkurimM  bitmaaaemmt  Yeaangyoimg. 

Order :  CEOCODILIA. 
BabKidar:  BOBUCHIA.  i 
1.  family:  GAFIALIDjSL 
Qmm:  QHASIAUBk  Gmdia. 

Geariaub  oanoetiocs,  Gmolin,  PI.  XXV,  fig.  23,  a-b. 

A  single  small  tooth  measuring  19  nun.  in  length  has  oome  under  examination ; 
it  is  elongatoly  cxmieal  in  shape,  slightly  cnired  imrards,  Itaving  a  oireolar  seotioD 
of  5  mm.  diami^  at  the  base ;  the  iriiole  sur&oe  is  coyerod  with  longitodiiud 
keels,  oonvert^iru^  towards  tho  top,  two  of  which  ia  the  auddls  of  the  intedar  and 
fostenor  side  being  much  stcooger  than  the  others. 

«  0 


VAUKA  OV  THE  HIOOBNB  BEDS  OF  B171IMA.' 


Otob^oat  ooeBrrtNM.— 

Zone  of  Anoplolitrium  birmanieum,  Tenangyoang. 
Betnarkg. — It  is  unquestionable  that  ihh  tooth  Li  ideutioal  in  aU  ita  loAllUH 
vlth  tfloth  from  the  liyiug  QharioHt  gangetictu,  Gmelin. 

2.  Pamily:  CROCODILIB^ 

Genoa:  OROOODILUB,  LaxuilL 

Cbocodilus  PALUSTftu,  Lesson,  Fl.  XXV,  fig.  22,  a-b. 

Two  frai^nents  of  teeth  have  como  und(*r  examination,  thelaHjor  otip  mfiasnring 
12  mm.  in  height.  The  fragment  represents  unquestionably  the  upper  end  of  a  tooth 
of  elHptioal  aecticn,  the  antero-poateriar  diameter  of  vUch  meatnrea  11*5  mm.  and 
the  other  one  8  mm.  It  is  conical  in  shape,  rounded  at  the  top,  anterior  and  posterior 
nde  with  a  sluucp  keeU  Buaael  ■mooth,  exoept  near  the  top  vhero  it  beowkea 
wrinkled. 

Zone  of  Anoplotherium  birmanicutn,  Ycnanc^oung. 
Bemarkt. — Havini^  compared  this  fra!>mcut  with  teeth  of  the  linnc:  Crocodilut 
palu$iri»  it  seems  certain  to  me  that,  notwithstanding  its  fragmentary  state,  then> 
wa  lie  no  doubt  as  to  its  identify. 

YI.— MAMMALIA. 

Bab-dbw:  FIACKNTALU. 

c  V  Order :  UNGULATA.  •  •  -  * 

SnWder:  ABTIODACTYLA. 

lamilj:  ASTBJLAOOTBMBJJijB. 

Genm:  AKOPLOIHERinM. 
AiraniOTflnivM  BXBxAwnnm,  apee.  nor.,  PL  XZV,  flga.     24a,  26,  Ka, 

The  larger  molar  may  probably  represent  the  third  molar  of  the  lower  jaw,  while 
Oe  amaUH  one  npeeMntaftmiM  antnioc  am.  Bo  far  it  aeens  to  ne  tbat  in  Ha 
eiharaoter  it  docs  not  agree  with  aagr  of  tlie  deaoiibed  speoieB. 

Geological  occurrence. — 

Zone  of  Anoplotherium  birmattioum,  Yenangyoong. 
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PLATE  VII. 
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I'LATE  IX. 

fig.  1.  Camita  noioTABiiaAU,  ^acnoT.  Ltft  tb1t«>  Mt.  ue.  Zone  of  CfCleru  «tjreti:%  Pmim, 
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lagelM. 

Vig.  t.  CAUtT*  fiOTorunMASiL,  ifae.  nor.  Left  tiin,  tai.  mat.  Zona  «i  PanOttltf^tilmm  fnt»- 
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PLATE  X. 


Fig.   1.  CiSWTA  FUXioowiLTA,  tptc.  DOT.    Left  nlra,  nt.  mat.  Zone  of  Piolat  otUkUUi, 

lTI»ye(rayti,  page  170. 

„     1«.       >i  PI  Crosd  M'ction  fif  rib«,  enlarged. 
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page  170. 

fig.   3.   CkMSAnUA  DUVMI,  apw.  Oot.    Bight  talvs,  nat.  nze.   Zone  of  Meioeardia  melavui- 

font,  Siago,  page  111. 
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PLATE  XI. 
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Ymaagjoung,  page  IM. 
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gjrouAg,  page  188. 
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Kg.  4.     Duiiaim  wmnam,  tgm.  wm.,  mt.  nze.  Zme  oC  .irw  <i«0iaUt,  Kam,  fag*  261. 

••  M  n  u  enlarged, 

„  „  „  „        Tmnvenkl  section,  enlarged. 

Kg.  5.    Caluoirhu.  auinawi,  Moatliag,  a»t.  liw.  Zone  of  MMtcardU  mtta^miittrU,  Siagu, 

IiagoMt. 

fig,  6.    Cauiomoiia  bummid^  NoaUbg,  lat.  aia.  Som  fli  pMWfvttM  «Mi«f(Mb  Tam* 

gytt,  lagetM. 

„  6«  „  „  »i  BwalTiew. 

Kg.  f .    OiXUMtuu  wunmait  NmHK^  aat.       tea  ai  Anqpollw  MfwIfM,  Tms* 

n  U.         »  u  M  »  Btminnm. 

Jig.  8.    Cuuonnu  au»asn^  Voidii^  Mt.  riM.  Zone  of  Canettkria  mtHimm,  Mubq, 

»  8*«         »  a  »  >i  Birtlfitw. 

„   Si.  „  „  „  „  Enlarged. 

»  8«.  „  „  WW      BmJ  Ti«w,  enhigad. 

Kg.  8.  Timcieii»miiionufB«,a|M.ior.,iiiiLdH.  Za—  at  Jftfwwrfia  ■ilwwi^pwW^  8iiif^i 

page  257. 

11  9«-  »  w  w  n  BaiilTiaw. 

w  W'        *  j»  N  aikigad. 

Kg.  10.  TmcmncniniiniiniMA,  a^aawmaf.,  mt.       Zau  al  jfnta  rtaalaMf^  Xaa^ 

VagtUT. 

»  10«.        w  w  M  »  Baialwair. 

M  10*-        •>  w  »  anfatigad. 

„  10».         „  a  „         Bua]  view,  enlarged. 

„  lOi.         M  M         Aperture,  enlarged. 

Kg.  11.  Btan.iaai  wtcoMMk,  tfm.  aor^iiaL  aaa.  Zona  oC  MtioearUa  ait^anffiafw,  Siago* 

pagaMe. 

Fig.  12.  BAsiLisgA  LORioLiANi,  epco.  nov.,  nat.  size.  Zone  of  Mflih*  nieoharieut,  Singu,  page  266. 
Kg.  U.  BMtuui.  uttioLiAHa,  ipac.  uov.,  aat.  mm.  Zona  of  .iroa  UwbMif  ILuaat,  jtgt  t6fl, 

»  Ma.     w  JI  w        M  Baaal'yiew. 

„  IM.      „  w  H  anlarged. 

„  18«.      H  »  H       Baal  Tiew,  enfaugcd. 

Kg.  U.  CAWOtwu  Konmnunn^  apab  nav,  mt  iia.  Zana  of  JtM  iMaUit '  Kaau, 

pape  254. 

„  14a.         „  „  It  n  Baaalview. 

w  l^A.  M  If  a  u 
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PLATE  XTU-«««. 


COUMIM 

tt  nmnuxin^  qw.  aov,  wt.  iIm.  Zom  of  Ana  UtcMH,  Kamm, 

»  IB*. 

1* 

n                M                             AmI  view,  enlarged. 

EmifiiUHH),  ipw.  ■or.,      iIm.  Zom  «f  OlfM«i>i«e  trfwu,  Itnati,  pige  Ut. 

„  1^. 

„                  „            ,,         Ba-'al  view. 

Kg.  17. 

SOLAXiUM  MAxmuif,  FliilUp,  n*t.  size.  Apical  view.    Zone  of  Parattelipijxdum  proto- 

M 

ti      Beeil  Tiev* 

„  m 

Jf 

„         „        u       latent  view. 

»  w* 

» 

tt           »t         M       Apical  view,  enlarged. 

«  17A 

M          It        m       Beeel  view,  enlaiged. 

Ilg.  18. 

SouBinc: 

nndn.ipN.i»r.,i«t.Bn.  ApieriTiMr.  %m ^  FkOn  wimitlU.'Ska^ 

..  18«- 

i> 

u         u         »  enkiged. 

Kg.  19. 

ctmaem,  ipM.  mt.,  ati.  liMb  A^  vimr.  ZohoI  Arida  Umnm, 

Tbtft/tmgo,  jtgt  MS, 

»  Ifti. 

» 

1)                                              ZiBtHll  VMW. 

„  19J. 

II 

„                „      Apical  Tiew,  enlarged. 

Kg.  SO. 

ToKiKu  BvonoA,  NoatliBg,  BAk  an.    Apcal  vimr.  Zimm  of  Cvuili»rim  Mrd'aMM, 

ICnlm,  |ig«  W. 

on. 

1* 

OAl 

<> 

» 

11         M       Banl  view,  enlarged. 

f,                  Apical  view,  enlarged. 

Jv*  n. 

VoBmuBi 

miHA,  Noetling,  nat.  ue.  Apical  view.  Zone  of  CametlMa  wmdhUMm, 

N  ■«■• 

w 

w        »           w  Baealview. 

» 

„  21  e. 

it 

„          ,,        Baoi]  \'ipw,  enlarged. 

tig.  8s. 

Tousu  FKOTODoucoBA,  nioc.  nov.,  nAt.  size.    Apical  view.   Zone  of   Area  theobaldi, 

KaiB^  M4. 

K                „          „         Bas*l  view. 

•> 

11          *•         Apical  view. 

M 

„               tt          g,         Apical  view  enlarged. 

m 

„              „                   BMkl  view,  enlarged. 

N  tf«. 

n 

m                                 lahnl  vtow,  aihigeJ. 

I  mmiAt  NcaUiigb  ait  dM.  Afbd  vinr*    Zeoe  of  ConeHIaria  mnti' 

tbma,  Miabo,  page  2M. 

w 

•f           WW        Bml  mw. 

» 

„             „           „          Lateral  view. 

„  83rf. 

»» 

„         Apical  view,  enlarged. 

*• 

„            It           te         Lateral  view,  enlarged. 

Pig.  24. 

8e«UBU  unotUDitsi,  ^at^  atr,  Mt.  «».  Zone  of  Biome  dMbi0U,  Yeuogyat. 

page  2419. 

„  M-. 

II 

„                „  enlarged. 

Fig.  M. 

MBMUmAt  Noetliag,  mtt.  ue.  Zona  of  CtmttUm*  marUaitam,  Waba, 

pBgiSM. 

)} 

11             11  enlarged. 

Fig.  £0. 

ScALAKu  (?)  outaoDiAEU,  Nottliiigk  ut.  BM.  ZoM  «t  CamettUrU  wutrttnuuutt  Minba, 

Kg.  n. 

■PAHnilM,  tg&S.  OM,  aat.  riM.     Ztm  of  Canctllaria  mnmIMm*,  Ifinbii 

page  268  . 

M 
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TUTE IVIII. 

fig.    1    T(niK:mi.&  maiMt,  Jenkiiu,  nat.  h«l  Zmm  tt  Jrm  thoiMi^  Kana,  fag*  %1^> 
•  »  u         u  n 

Fig.  3.  ToRMTBiXA  BUiPLBx,  Jcokiiu,  Bat.  MM.  ZoM  of  P»rM«Ufiptd»m  pnMtttvttmh  ^ 

wig.  4.  TbuiiHU  nanii,  Jalmi,  lut.  am.  8om  eC  fmtalUUpipiiitm  pnitttHmHM,  ] 

„     U.         n  MM  oilaisad. 

F^.  6.  ToumuA  iflVfiiuanu*«*  Dnnfar,  ML  Ht.  ZoMafifwllntaMH  Kho^  jige  tT4> 

n  M  «  11  w 

M     Ml        tf  w  i»        »  Enkigld. 

tig.  t,  TMrnnZiA  MonoAinusA,  Dukw,  att  riM  Zom  at  ParMilipipthm  pnM«rt»Qtim, 

Kama,  jxiire  274. 

FSg.    T>   TtWUnuji  acuticxmxata,  Doukw,  tut.  aizo.    Zone  of  J'araileiippeJum  proiottHMMim, 

Kama,  |aga  174. 

„     7a.         ,,  „  „  enlarged. 

Tig.   8.   TiaaiTKLLA,  spec.,  nat.  siae.   Zone  of  P oral Utijn pedum  pfoUitortuoiuu,  Kama,  page  277. 

Kgi  9.  ToBiiinXA  Airiiii(i>iii%qaB.iiOT.»iMi(.       Zone  of  CmcfllarM  mtuiuMM,  ICinba, 

j«ge  i77. 

9«.         I,  M  n  •■ItlgA 

lig.  10. ,  TnUBLA  UNttmata,       nivi,  Mk.  «.  Zona  oi  PetralUHpipthm pnMartuonwh 

Kama,  page  278. 

„    10a.  „  „  „  enlarged. 

Kg.  IL  Toumua  LnaKUBij  apao.  nov.,  aat.  nia.  Zone  oC  PandltUfiftiim  pntotoriuotum, 

Kama,paga  S74. 

Kg,  M.  TtomnuA  imsn^  ipM  avr,  Mb  an.  Zona  of  r  irrji^Hi,ipf.Uim  pnttUtUunm, 

Kama,  page  ^76. 

M  M*»        »  »  »  wJai^irf. 

Kg.  IS.   TcBKiTiLLi.  aiMWIliJta,  Sowerby,  nat.  size.    Thayi-tmyr,  page  272. 

,*  14.  Toxxmixa  airsvuia,  Sowerbj,  naU  ace.  Tbayetmyo,  page  972. 
I|g.  Ik  TwMtTOa  aaOTLa»A»  Sowwbf,  m*.  rfH.  Th^vlagrok  paga  £7». 

It   IBa.  „  „  >,  enlnrf^eiL 

Kg.  U.   VKKMnOS  JATAKUS,  X.  Maruu,  nat.  lize.   Zone  of  ParatUiiptpedum  protottHutttHB, 

Kumviagi  t79. 

n    W*"        M  w  i»  II 

M  IP  It  H  n 

Kg,  U.  Vmm  UTinibK.  Mb.  rink  ZaMof  ParaUeli^iftiwm  ^nMtrlmnm 

It  17a«      »  M  WW 

ii    174,       ji  »  »  w 

7^.  18.  Tmisrua  JATairai^  K.  Martii^  tat.  aw.  Eou  «{  fanlkUfiftdMmmnt»t»rtiunum, 

Xim^  fig*  t7». 
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Kg.  19.  ViBinrvt  utaitvb,  K.  llaitin,  nat  liM.  SEoat  if  tmallelijiiptdum  prototaHwonm, 

Kiw^Iig*  IT*. 

fl^.  so.  SnniVAtu,  ipee.  1,  ait  lise.  Zom  of  Pamfathm  wnUm,  Tongytt,  pag*  tW. 

a    Via.         „  „  enlarged. 

Kg.  21.  XxKoraoBA  DiKJUKicA,  ipeo,  noTn  naU  atia.  Zoas  of  i<ncM  kummm,  Tlujvtiajro, 

fig*  no. 

;>     21fl.  ,,  ,,  „ 

fig.  22.  CALYniUiA  Rvoosij  NoetUng^  nst  lize.  Zone  of  ^roa  tkwbaidi,  lUnta,  pag«  281. 

w    ISfc  f(  n  II  If 

M   ah.  „  „  enlarged. 

"Wig,  %&.   CkLtniMx  KuoosA,  Noatling,  oat.  mm.  Zona  of  C*»etliaTi»  wuttmma,  Minbu« 

»  »        »  )i 

ji    iSft.         n  n         „       A{McaI  view,  enlarged, 

fig^  M.  Natua  ouiom,  8MM1I7,  Ml.  dlMb  Zone  of  Arni*  kwmmtu,  fhjvtnva^  i«g«  MS. 
w   M*.      M         M         w  M       kpical  view. 

N  Mi.     n        n        n     hMnl  view,  oilaiged. 
Pig.M.  Natma  cuxma,  a«w«lgr,  ut.  rin  Zgn*  <f  P««My«a*«  eafraMi  Twmnt, 

page  288. 

M  U«.     w         «         w  0  apiaalnair* 


• 
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PLATE  XIX. 


FSg. 


I* 
u 

n 


It 


1.  Matica  CALL08A,  Sowerby,  Mt.  use.   i2<m«  of  ^fM  tkwbaldi,  Kaou,  fag*  283. 

»      »  » 

Ic.  „        „  „  tnkrgwl, 

W«  M  W  )»  J> 

2.  Natiu  OBsaru,  Soworby,  nat.  siu.   Zou  of  CSMMW^ftia  ■■fli'«fww,  Minbo,  |nga  SM. 

2*.       II         n  t»  t» 

»         M  II  II 

flh  Natica  obbccka,  8«wetby,  ii*t.  tin.  Zow  ai  ^fias  UttktUi,  Kan^  U4i 

fc«         n  »  »  » 

w  M  «  >i 

<•>»•!         M  aBhifid. 

«b    NaBB*  WiBIMW,  if.  aw.,  Mk  Mfc      ZOM    af    PfaUllipiptdum  prtlthHuHmt 

44.        ,1         II  II 

„        „  akrg«d. 
m         n  tt 

^  W  M  It 

8.  Natka,  gpte.,  nai,  dn.  ZoM  «t  jfrat  tiMMi,  Kama,  pag«  tM. 

&<3.        „  „  enlATged. 

ft.  SiOAuros  nuiou»ra,Liiui^ntt.  ua.    Ztm  «f  PmnlUUfifiwm  frtttttrfanmm. 


1%. 


It 
li 
It- 
It 
» 
lift 


8«. 
6i. 
7. 

1m. 
8. 

%. 

9.  BimtLLA  CKiBPATAi  Sowerbj,  ipee., 
91. 


KaaitpagaMft. 


ttr. 


« 

M 
M 

•t 


W 

» 

I* 
It 


m 
m 

H 


M 


111 


M. 
10. 

10a. 

11. 

lU 

Hi. 
ii«b 


ankigad. 


OBiiritti  Samtby,  tat. 


I.  4a  Gala  Bawby,  t/tt,,  Bbt.  riMb  Zone  of  ^liria  Jhii 


m. 


n 
9 


m 
It 


It 


Pigii  II.  Ciru*  nAMi,  d'Aiduao  and  Haia«^  mL  nxe.  Zom  «f  Ca»tM»ria  martimuu,  lG■h^ 


»    1^         MM  M  It  n 

»  IM"         J»         i»  n  w  M 

M  IM.       u        u  u  u  mi»rg<iA. 

1^.  IB.  1kimiiiin]^X.]liHtiii,mtiriMb  Zoo*   of    fjwyrfJIw  ewnrfiw,  Toiiagjniti 
„  Ui;      •        »  M  » 

w        i»     j»      I*  « 

W     ISSi         MM  MM 

n   Iti.      It         m  n 

),       IS*-  »  1)  J.  :> 

Fig.  14>   Camis  o'akcuiaci,  hoetliog,  taJL  mu.    Zom   of    Cf  arfWcrM   mMrtimumm,  lGBb% 
I*  Ite      «         w  w  » 

K     14J.         K  M  l>  » 

M     Mfc        I*  I* 

Kg^  IB.   SmMAfniBOTMAroMCA,  spec.  nuT^  naU  «ixe.    Zone  of  Cantellaria  »i«rtiittaH«,  Miabu, 

I)    1Bn»  i»                                  n  I* 

M   1M>  »                It                n  M 

„    15«.  „                 „  enlarged. 

Kg.  18.  Oauooia  Moxiunou,  qpec.  hot.,  nat.  bm.    Zono  of  Mjftilmi    nieobaheBt,  Singn, 

l|g.  IT.  Qiiaosiu.  WMmanu,  qi«o.  hot.,  nat.  BM.  Smm  «t  drm  ttttiuUi,        pagt  Mf . 

«  IT*.         ft  M  1  enkiged. 

VIg.  18,  OnHiDU  mannrai^  i|«e.  nmr.,  mL  rin.  .BiM  cf  Owilltffa  matiiaimia^ 

N«MT. 

n  »  »  »  «nlMged. 

Jig,  19.    OnHUIA  MUBIIIHH%  ifW.  aW^  art.  BM^    Zom  tt  Cancellari*  immIMmM^ 

rage  287. 

„   18«.  „  „  „  enlaigei 

E(g.  SO.  ViovLA.  TOioBALM,  Na«tiiiig,  iwU  MM.  Zom  of  Mjftiitu  wwaiMteM,  Sii^  SM- 

«  w  a  j»  I* 

IJg;  tl.  FkooLA  niOBAUd  Kottliagi  ut.  an.  Zen  «f  Ptf'sqwfiM*  eseralM,  Taaagjalb 

I>got98. 

Ilg.  tt.  Fuou,  ^ec;,  ittti.  ase    Zone  <  f  Fa ra lUUgifdim  fr» ttiii U$mm,  pagi  BMP. 

I,  IS*.       M     u    onuHoentfttion,  ealaig«d. 
Kg.  IS.  C«aciuuBU  mvnBmaa,   AmUm  nA  Viimt,  Ml  rfM  Zom  ol  C«Ma(f«rjc  wimii- 

Mi0B«t  Iflnba,  pige  181. 

«  |>  M  »  u 

w  Mi.  w  W  M  M 
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nm  XI. 

tig,  1.  OuMmsuMU.  MmMtt,  d'AmUM  tui  Bdmi^  mi,  mm.  Sow  of  CmtttttHB  martt- 


N  »  N  M  t*  » 

»  !«.        w  »  »>  »»  «il»rg«d. 

Kg.  Ik  Tmai  mmitaaan,  ^se.  a«r.,  ut.  as*.  Zone  of  Fanq^atkmt  eatfrnieu*,  Yenangykt, 

Fig.  3.  TuTOH  KKAarsuTCun,  ipec  nor.,  nat.  uee.  Zone  of  ParaefatAiu  eatmltut,  Yanugjrmt, 


4.  TkiiDvnMOLannnMb^iMT«aHk.aM.  Z«m  of  Ifw  tf«hU*,  Kum,  f^gt  a04b 

M        ^»         WW  l»  l> 

W        ^»  »  »>  ))  >r 

Kg.    b.  TUTOH  VAUALU^  Noetling,  naU  tax.    Zone  «{  Caueellaria  martittiaiu,  Minbu, 

|i«iNI. 


Kg«    <>•    ftMOVA  OAVUMA,  ipM.  DOT,  Ut.  SMk    Zou  «f  ^fW  KaBW,  M5. 

J*       ^       W  W  W  I* 

W  l»  »  «  M 

«    8«b    w  w  It  III  «Dluged. 

W      W«      n  »  ■»  If  M 

M  )>  »  "  »»  >' 

lig.  ^  7.   PiBWKA  QAUZAMA,  speo.  DOT.,  Dftt.  BXtt.   Zooe  of  .ifM  tkteitlili,  Kaouli  fage  S05. 

n  w  w  w  «  ailMfA 

W^-  1^    IbUBIXA  nOIOnnMniUinii         MT^  Mlli  liMb    ZtMUl  FaralUUpipfSNm  prctofof 

tiuttm,  Kama,  jjag«  ^06, 

«  ^      It  w  »  n 

»  »  J»  »  It 

»  k      »  »  »  •nhtfwL 

a  8rf.      ,,  „  „ 

l%t     9.    KaMXLU.  F1OI0TUBU0ULAU4,   fpeO.  DOT^  Dat.  AIM.    ZoBe  of   C«M»Uma  aMWMMMf 
»  »  «  MM 

»     W«      i»  m  »  u 

H    9«>     w  I,  jt  colMgad. 

»    8^     »  »  i»  *» 

Kg.  10.  BunuA  iLMAKB,  Book,  aaL  dMt  ZtuttFanlleiipiptdum  ptoMoH*$mm, 

„  lOa.  w  9  •  •» 
■«  IW-       II         n        ji  w 


Digitized  by  Google 


PUTE 


n(^  II.  fmn  MMDiPiiii^  tfut.  wn^  wk.  riwu  giieat  Owwifliirf^  — ilfiifti— ,  MaK  m>  W*. 

»  »         I.  u  ealargwi. 

V||^  lit  V(ran  (CiiAfii&ft)  ^  TDnoKi,  K.  Ifuti^  aaU,  4m,  Zone  of  ^nWo  JmiMfMai 

Kf.  15.  nnva  (Cutblu)  (?)  txuicki,  K.  Ibitu,  Mt  rin.  Ztm  of  ^imm  Jawimw, 

Thftj-etmyo,  p«g«  318. 

V^.  1<.   FAKiOLmi  MOfiQMU,  J.  d«  Cub  Sowwby,  aa^  aw.  Zone  of  Par^cgMmi  eatndtnt, 

Hfi  IT.  PaMMium  MDnMt»  J.  dt  Cult  BowaAij',  tat  ■»  Znw  of  Canceilana  marlimma, 

Miabu,  page  S14 . 

M  «  »  « 
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puTsm 

Tig.  1.  Simauiu  wtamou,  t.  it  Okria  8«««bj,  nl.  am.  Zm  <A  PaTaeyath us  rairvlnt, 

Yenangyat,  pkg«  91  k 

n     !<••        w  n  ■    '  •> 

M    lAi        K  ■>  CBhiged. 

t.   Pntru  ruaiLiNA,  Bom.  spec.,  nal  net   Eom  of  QfHtrt*  erjeina,  Piome,  page  815. 
„      2a-       „  „  ).  »         »pic»l  view. 

Fig.    3.   Ptmu.  aucirHAiA,  Lanuurck,  nat.  sae.  Zona  of  Mytilmt  mUaiariet»,  Siagn,  paga  SI  7. 

n     'a*      u         w  n  » 

Kg.   «.  PnnnAnnBiui.i.Lu«^iBlBia.  Zcu  ef  i^Mba  «mI«<iW|  Siqgq,  fag*  SIT. 

»       ^         HI*  W  It 

F1^.   5.  Pnnu  muiwMOitmta,  apaa.  nor.,  aat.  aiaa.  Zom  of  MyMm  awatonew ,  Bliqpt, 

pace  818. 

J^g.    6.   Pybula  f  BXODOBncKrimji,  ipeo.  nor.,  oat.  tiae.   Zone  o£  Mytiitu  nieoiMtcut,  Singu, 

pagaSlS. 

»  It  I* 

Fig.   7.  Mnn  aatMiJamm,  Noetiing,  oat.  km.  Zdm  al  GHuaQa^  imi^mmm,  Minbu, 
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Yanaagyat,  page  414. 

15a.      Ml*  »  " 

„    15*.     .N  «  •»  eniarp-d 


Digitized  by 


GEOLOGICAL  SURVEY  OF  INDIA 

Palxontologia  Indica  :  Memoir  N0.3  Pl.XXi 


J  .1 


Google 


riATE  XXII. 

1  V<ilJmii«»WA,J.d*C»rie8ow«liy.i»t.  M.S  Zone  o£  Cwe^idn*  •*'<»«»«••,  MiA% 

lit  H  "  fn!nj[;i'<l. 

ft    Voi.ll»lWW«4.J.d»CKl«Sowerby,  nat.«ze.   Zone  of  C«wW/«rw  ■oriinwu.,  Minbn, 

2  >t  calvgtd. 

li.  8."  VoLutA  D.KTAT..  J.  d.  Outo  8«w«h,.  ..t,  liN.  ^  '^^^r^!^,""^ 

pjl    C  Out*  (8i^«b»*)  Mwi,  IWK  «*.  (M-  »W  ««  e»«w*#l»,  Y«»iWi*. 


«-    7.  Cur*"""    OTiTOLOTiLLJL,  fgte,  nor.,  n»t,  siic.   Zoue  of  Area  OtMA,  XaM> 


"  -    *  ».«»»Mt^  anM.  aor.  ml.  Zone  of  Atom  tMMH, 

Tig.  8.  GunHuiu  MBMKWfiriatu.  ^  «wi  ^  ^ 

9a.        n  .  »  " 


„  Mfc  »              »•  " 

^  101.  ••              •»  *• 

-  "         I,              ..iM  iMiT  iiri!  f-,  "g— atC««<rfi*fW  — r<»«<<iiM.  Miabii. 

1^.U.  Cui«tuwAlu>tiiiUJU,^ww,a«.«i»  j^M*. 

:  11*.  .  « 

„    lie.  »            ~              .»  «» 

"         -  •                                niLiL.  Zcoeof  Cfl»«ii«n#  mWiiimm,  Mimbu, 

«  lai.  „         H  « 


PUTS  nn-MMM- 


Kg.  U.  (UaanuBU  usfnuiu,  ifM.  man,  Mt.  riM  SE«M«(C«M«lbrM  «Nf<HiMM»  Mbhi 


II  I* 

i<  n 

«  Aft 

n  M»- 

■t  n 

»   !  •"'« 

ri  It 

n  I) 

Fiff.  1*. 

Stkiotkubkom  raoToMiURo.s,  nat,  size.    2kine  of  Area  thtehalii,  Kuna,  pag«  ft36. 

1. 

m  m 

omamenUtion  cnluged. 

Vtg.  15. 

SruommoM  bicwotom,  K.  Mutin,  nKt.  ua.  Zom  oI  Arm  tkttMdit  Kaon, 

..  16* 

onHunaotatum  enkrged. 

P^.  16. 

Snnmunni  huuum 

im,  K.  Martin,  nat.  sizr.  Z<  m  r,t Am tMMHtlttmt^fk 

i*SS«. 

M  It 

omamtntation  enhigad. 

17. 

lainni,  rpcc  nor.,  mi.  mm,   SoM  «i  ^rw  |i«itAiMi, 

«  17«. 

omuMBtetion  filtnyriL 

Kg.  IH. 

Tww  wma,  K,  M«rtiii,B>t.  lim.  ZoMtf  OMffffarbvwfjiMM,  lama,  m 

•  IBi. 

It  » 

e.   Zone  of  PsntftUnt  ttmlnu,  Tcoangyat,  (age  340. 

.. 

d. 

Kg.  80. 

ScBtlLi,  frppc.,  nat.  nize. 

Zone  of  Caieetlarid  marltnitna,  Wmhn,  pope  8*1. 

Kg.  ii. 

PunJkOTOiCA  (8.  s.)  XAUKAICA  $atc.  uvt.,  JuX.  BM.   Zoot  of  ^r«*  tktcMdi, 

,. 

M  n 

Kg«  Si.   Scacou  riDDali,  Noclliag,  sat.  Zone  of  FaraejfaUmt  eatnUf*,  YanangTat, 

„    tifl.         „  „  „  „  enlflrj;e<1. 

Kg.  S.t.    Suaccu.  nDDKKi,  NoatUag,  Dat.  lue.    Zone  of  Faratyaikiu  ettruitu*,  Yenaogjat, 

M  W«.       «i         M  t»  »»  enlarged. 

Kg.  24.    SvBCVLa  rwDixi,  Noatling,  nat.  ase.   Zone  of  Jt»  tieoioUi,  Kama,  page  340. 
.,    l*"-       It         a  "  ■>  eolarged. 

t6.  Qnou  miTAMOAi  Nootling,  nat.  aaa.    Zama  of  CametUtria  mtrHnimm,  Minbi^ 

paga8*T. 

„    25a,        „         „  „  „  enlarged. 

tig,  26.  Owora  iijLaTai>iea»  Xoatliog^  Mt.  aiaa.  Zona  of  Cnciliana  wmii»-'Mu,  Misboi 

MaStf. 

w  Ud,      WW  M  It  Mhqgad. 


Digitized  by  Google 


GEOLOGICAL  SURVEY  OP  INDIA 


Digitized  by  Google 


Hg.  11.  Camuiiai  (PimoBOir)  «uuiaiiicv%  11.  Is  B.  Iiteil  tnolli,  mt  rfat.  Tnteml  ndt, 

Thayeiinyo,  S7f, 

J,  11a.        jf  If  «  «  «      Bftt.  ■Lu).   ExUaroal  aidfc 

w  ji  M  j»  j>         '    «        w      Irttml  WW. 

„  ^  n  m  m  H      caltlg«(!.    Intemil  j<ida. 

w  in.         »  »  m  »  m         m      £xt«rml  tide, 

a  11*         m  j»  »  m  h         t»  iMmimw. 

tig.  It.   <?ft««ft««**"  (FUOirailKMl)  WKOBaoa^  H.  ft  H.   latml  tooth,  mt.  size.  Internal 

Thft/etmyo,  ftge  37ft. 

)f   125,  M  w  J)  » 

Fig.  13.  Caeciubiaa  (Puokodoh)  OAxamcoa,  M.  ft  H.  Lateral  tooth,  uat.  tdze.  Internal  a<i», 

Ihayetmyo,  S7S. 

„  18a.         „  „  „  „  „      ut.  »m,  Ext* mill  nd& 

„  134.         V  w  »  M  M  >,      lateral  vi«w. 

f^.  Ill,   C^lCTiM**  (PlWOW)  atMVMUBOa,  II.  ft  H.   Madan  tooth,  tmt  rize.    InUraal  tUt, 

ThMjttiagfO,  fage  876. 

„  140.        »  M  »  »  K      xat.  HM.  Sztanalnda. 

„  14J.         „  „  „  u  j>        Lutcnl  view. 

Ifi,  GAicBAftUB  (PuoaoDOii)  OAMQcnciis,  M.  &  H.   Mtdiui  tooth,  ut  bm.  Intcnul  mAt> 

flMjretmyn,  pag«  87S. 

j„  15a.  fi  *  w  w  jw        nftt.  nia.  External  side. 

„  ISA.        „  u  u  a  »  M        I«ter»l  Ti«w. 

Fig.  16.  GAUOcniM^  ipie.,      iia.  SEom  cf  GraefUiri*  nwliimHMi  Hiaba,  pag«  676. 
Fig.  17.   HniouTES,  spec ,  nat.  »izu.   Tliayptmyo,  376. 

F^t  IS.  MmoMTBa,  sgtc^  nat.  nie.   Zone  of  C«»e»Uana  maHiniama,  Minbn,  {lage  S7d. 
16aL       If  II      M        Ijow  aiAa. 

„  194.         „  „      „  Cross  8«ction. 

Fig.  19.  Otoutuus,  spec,  n»t.  oze.   Zone  o£  Faraeyatiiu  eaermletM,  Yeoangya^  paga  676. 
n   i9am         n  a  0 

Fig.  eo.  SiLiTBoiD.  gen.,  nat.  liie.  ZoM  of  Jat^ttAtrim  Wrawf«wa»  T«OBBg|«aig,  p«ga  377. 

n    iOa.        M  u  n 

F%;tl.  PiniM€i.liOMWHii^IiiMi<,aiit.riw.  gwa  rf  AayhlikfilM*  Wwaaafeaii/ 

m*S77. 

M  flo.      »  »       »  i>      Latent  tkw. 

F^  It.  QaoaaiDiini  jtumaa,  ttm.,  sat.  liM.  Zom  of  JMyfcOtfMHV  Knumena, 

yvofb  fag*  &78. 

«  SCc        If  nun      Irtteal  WW* 

„  224.  „  „  „  enlarcred 

f%.  iS.   GuAUAua  GASGincus,  Oiiu)l.f  nat.  size.    Zoob  ot  Antfloiktrium  birma»ieum,  YeuKog' 

1,  f,  „  Lateral  vi«w. 

J,   i&K         nun     enlarged.    Lateral  view. 
Kg.  M.  Aaonamwrnu  waaumam,  apie.  aor.,  att.  dM.   Zona  «t  JimrfiMm'M  UHumietm, 

T«naiigyiNmg,iaga878. 

»  »  »  »» 

l%b  66.  Aawumnm  MBMAimnni^  ifeo.  aov«  aai  iiaa      &»•  of  ^-^v '    rixM  i>r«iiN- 

teaMf  Yeaangyoungi  page 
376. 

M  »  «»  l» 


Digitized 


Dr.  Noetling. 


GEOLOGICAL  SURVEY  OF  INDIA 

Palaroniologia  Indica  :  Memoir  N0.3  PI. XXI II 


PriMOl  U  Um  CmI.  Sw.  of  Inalu  OflSc«. 

K.  P.  Ot>u4n,  4c<  <t  tiili. 


Google 


liECORDS  OF  THE  GEOLOGICAL  SURVEY  OF  l.NDIA. 

I  m  SIX,  MM  w  urn. 

XhCfilM  tiad  for  tb«M  pitilkit.oiii  i>  1  rape«  {2*.)  Mf  b  put,  or  i  nyett  (4<.)  mck  voliiaae. 

VoTM.— Tit  Beeordi  teuei  to  b4 pubtuked  /nm  tkt  hi  Jantuiry  1898. 

MISOELLAM)US  PUBUOATIOM 

A  M«nti(l  ot  ttio  Omlen  «(  Indk.  «T4k.  With  iMp.  18791887— 

i  8^^"?' Am.  }       »•  "'"'o'^-  ^">* « 

Vgl.  t.  Beonomie  Ooola«r.  BrT.BiU.  Mwl  nf«({la«^f*ii9^ 

Vol.  4.  Minenlo),';.       F.  R.  UnltoL  PriM  *  rvfrnt. 

AHaamiat  thtOeoUt^v  ot  It'din,  Zn.l  rdiUan.   Bjr  B.  t>.  OMIiaai  (ISOtt,  PrfwBinMi. 

A  Hnwtl  at  the  Otologj  of  IikUh,  Lconoaoic  QinlogT,  bv  th?  I  .to  Hrof.  V.  BllUl>ll«dMl^MlMta  nth.  ' 

Fh«  I.-Canndom.    Is*  T.U.  Hollud  (1N96).    HriM  1  rnpM. 
F«MdirnidtttollMfHlaflttilao)lM*ioiu<n  Ui*Ind»n  UitMnm,  CklrotM— 

1*0.  1.  Taititn««rMir«t*  minute.  Bt  K.  Lfdikktr.   1«7».   Ptieo  S  umm  <m(  a*M). 
Kc.  2  MmcTnlH,    Bj  P.  H.  M»llel  flWO).    Price  S  ■nini  (otlo/^M). 
Nti.       M.  ir.iritj'i,     By  F.  Fijacn  Prier  2  •nfu*. 


No.  «.  IVitonUiiogMal  ooUwtHU.    B<  O.  tViatmnst*!  (1881).   PHoo  >  m/U. 
No.  t.  ■oMMBbStoml  iNdMta.  %9.  B.  MilM  (laM).  Mi*  Imwi^mI*/ fKaQ. 
rx'trr  i.tiM  Miahgat    tko  odMHao     MIdmU  to  tko  Otrti^wl  mmmm,  CUmw.  I|r  P.  S.  Mdht  (lets) 

Pric*  S  rtipaM, 


An  Introdnetioa  to  Um  CboBieal  and  PkwiMi  ■ 

k  Tatthl  _        .   .  _, 

■qpiait»H4.flMM  (UN).  P|iM4aBMb 

Catiiloctic  of  the  rrnuLs  rt  I'Uiitoi'i'ni:  aii<l  Frt-IIiaterie  Tadtnto  CMlitald  h  tk*  OMllgiatl  OKfOtwM  <(  tiM 


NWlnHNb.   B;  T.  H.  HollBnd  (1B»S).  PrieaStni 
CftUIsflM  of  tb*  hmmIbi  of  Slwslik  Totthmto  omlaiaod  ll  tti  Oodiigical  Dnutooit  of  tlw  litdtoa  Mombb.  Bv 


R.  Ljdekker,  Pt.  r.    M«iiiir>iili«  (IWe)     Prii»  1  rapw.  Pt. 

Cntnlofiic  of  the  rf-it.ajL5  ft  I*U'iil<>ci'ni;  ftihl  Prf-llirtoi" 
ladUn  HnMaa,   Br  B.  Lldakkv  (18B6}.   Pri«*  4  aiilia*. 


fly  T.  H.  HtUiiia  (la.?). 

Prin  S  rupaco. 

H.portooft>llM>Wlto<tll|MitoMh.«irtt»>iir«iamCik»il  flf  Jmom  Unady  (MM).  Mm 

1  rnpee. 

Raport  CO  Uio  laapaeUon  ef  Minn  in  lodia  for  tba  ;ear  aiuiliif  30tb  June  189S.  Bt  Jwum  Grundy  (ISM).  Pi  n* 
9  npaaa, 

Bopoirt  M  tho  luopeotaan  ot  Mlna*  la  Iadi»  far  tha  yaac  oadinf  lOth  Jaaa  IBM.  By  Jamai  Oraail;  <188;).  Ptiea 

"^SIpartonUioIiMpatttaotHiiMatoliafttottoymMdiiif  tlrtltaaaatollM  1^  Jwmi  OnBiy  (IWT).  Prioo 

1  njp«». 

Rcpi  nonf.hilaipi«HM«llllMitala<iatethBy«r«idlBtaiJtDHmWim.  fly  Jmm  <lnm<y  (MM),  flrloc 
1  nipea  8  auoaa. 

BapoHon  Ua  luiirlion  of  Hran  In  India  for  Ui«  jcar  anding  Slat  Dmoibrr  ItW.  By  Jamn  GtaiMly  (IBti'l 
PrW»  II  aaaaa. 

Rrpi.rt  on  tlir  ln>|irrti..n  of  Minn  in  ludia  tor  tk«  yoar  asding  tlatDoMUlMr  18(9.  By  0>F.  Baato.  ftaaaoti-a 
by  J.  Oniu.1>  (l(Kin     Prii c  8  »mi»». 

(»ok«iaal  B:ap  of  ladia.  UM.  aeala      W  aaOta,  Priai  1  ngMk 


PAm)NT0L06IA  INDIGA. 


fsiioi  I,  in,  T.  n  viu.) 
OBMUOflom  MoaA  or  wcibbbii  iirou,*y  r.nouczKA,«iM4M  voli,        a.  v.  BLAMroBD. 

V«.     L  TlwGiftatapoda(lMi-«6).n.n<;pla.M(»MH4. 
_     It.  tfco  flaHnjila  (MW— <M.  py.  am,  tOQ,  pla.  M. 

»  UL  n«Nt«ypada0Wa-n);ii.BiH.aOT.(IfcMl 

"  IT.  lha  BnwlKipoia,  cniorfi,»toai>wwlarOiiri^  rtab  (MW-im,ip.».  m,yla.l»i. 


(SiniBS  II.  XI.  .Mi  l 

THR  F0881I.  ll.OKA  OF  THK  UONDWANA  SYSTEil,  *,  (>   I  Kl.'^TMiNTET.,  <»r«;>(  Vol.  I.  Pr.  1,  »>  T. 

OLbUAM  and  J.  MUHUIS. 

Tuk     I,  pp.  XTiii,  ZSS,        72.    1863-79.    I'c.  1;  lUjmKbal  Groap,  K^nulial  MilW.    I't.  i!  i  Tkt  Kmc  {roniimiud). 
Pt.  S  I  Plunta  frOBi  Oolapllli.    Pi.  4  ;  Outlieni  oa  (ba  Uadraa  CoMt. 
n    II.Miin.  IIK.  pla.S6.    1R7»— 7B.    I't.  1  :  JiiruMk' Klora  of  Karb.    Pt.  2  ;  Flon  of  tbe  Jabatpnr  Oroup. 
_  111.  pB.»i.e«  +  l«,pU.  W>(^><i:>ubM(I-XXX!  .  lA-XLVIIA)  1879-  81.  I'l.  1  :  Th,-  n,>r«  ftf  tli*  T.Uhir-Kirhiirliiiri 

Wdo.  Pt,2,  'llie  fltirn  if  tl.i'  I'lu'ui  U  niii  Fanli-  nivininiK.     Pt  »;  Tlit  s.i^t  (rrj^ctudetl) 
»    IV,  pp.  nri,  W^'Oe,  pta.  S&  (S  duuUle)  .r  lA-XIVA).   Pt.  1  (IMIS).  IWl  >lan  of  tha  SoaUi  Bmrab 

OiadMBafeuto.  n.l(l«aQi fMl VknafaMMtttbaOori^Mkto Wartn B^fil. 


t        Digitized  by  Google 


PALiEOKTOLOGU  mmOA,-co>»tinued. 


(amn  a.) 
JinuMtc  TkJjvk  or  kach. 

Tn.  IJUTS~7ff)-   Tho  C«ph»1opo<)>,  hj  W.  Wtioiir,  pn.  i.  217.       flO  (fl  iImUi^ 
„   llifl.  I  (IjiSS).    The  Kcbiaoidciof  Kufh.  hy  J.  W.  li iiFuotT,  ]>[>,  12,  pla,  1^ 
•    »    1,  8  (ISOO).   Tb*  Corelt,  bj  J.  W.  aueoKT,  pp.  18s,  1— ii.  pk.  M. 

p  in»i(imii).  n*iindu«oi(,bf F.bKiianM.ni.er,ii»u.  ^'  - 

(S»itM  IV.) 
IKDIAN  FRE-TliKllARY  VERTEBRATA. 

tr«l,l,pp.Ti,  1»7,  pli.  M.    I9r&— 85  P(.1()S6S);  11, e  V.;rl.'i.rr«t^  Fi>».iU  Uam  tk*  Piinch«t  rntk«.      T.  H.  Hrii«T. 

Pt.  1  (IB78);  rill'  V.:r'., l.tutc   JiimiIb  of  tlif  Koto-Mnleri  (irottp,  by  SlS  I".  CI  M.  UiET  huSjTO!<  and 

L.  C.  Mull.  It.  3  (1878)  i  Ufptiiwud  Bfttncbtt,  b«  R.  Lrvnca*.  Pt.  4  (IWiS):  Ih<  Ubjrintbodont 
&«M  tb*  HiiKi  aim  kgr  B,  Lnmn.  Pk  C  (WQt  A*  Sifiaift  mA  Aa«UUa  W  *•  MiiMl  Mi 

(Shim  X.) 

UiDIAX  TERTIARY  ANU  POST  TEUTIAEV  VKHTKHKATA,  «v   R   LTIIKKKER,  ezrtpl  Vox.  I.  Pt.  1.  hu 

P..  It.  Kotn  K, 

ToL.  I,  pp.  lU,  too,  pli.  (0.  lR7i— 80.  rt.  1  :  [Ibiuoci'Tix  [ii<cr>r.rr,ti<.  Pt.  2  ;  Molur  ti'F'.h  met  other  rcmaint  oF  Uiib> 
mBli*.  Pt.  Ii  Cinnnt  r>r  Rutuiosintj,  I't.  4;  .*;ui>|il«iiii'nt  M  Pt.  S.  PU  &;  Sivilik  aod  Narbxl* 
ProboMiilii. 

«     IJ.BP.  xv.MS,  pl«,46,   1B81— M.   Ft.  1 :  Siwtlik  Rlimni-rroUdi*.   Pt  S  { SBmUacBt  l»  Simlik  and  Maikadk  h» 
toMiiila.  n.ai8iw*Hk  knd N*rW*  Equula.  Ft.4i  Siwdk GhMlqwUHMb  FkCjiMMlMmtal 

Mm.  (U.    Pt.  •]  Slwalik  lad  Narludn  C^iniivorB. 
«    in.  If.  nlr,  M4.  pU.  3«.  1884— SC.    Pt.  1  {  AilJHinniil  Siwslik  Pcristodv-ljli  hihI  Pr'>W.*.-!i)'.l^    P(.  1 ;  Siw>Ilk  lod 

lliatadA  Bnnodmit  Sntoa.    Pt.  S  ^  RodeuiK  *rid  new  Runiiiiar.tji  from  th«  S:w.iiika     I't  4;  HiirAlik  Uir^U 

R.  ■  i  IfutodM  TwMi  from  Plertn  IiUnd.  Pt,  6  ;  Sinlik  and  NtrUd*  CbaUwik.   Pt  7  i  Siniik  CrgcoOilw, 

TamllBi OjliMh.  PkBtTartiwy  riiha. 
«  IV,  Fkl,HHk    IhwMi MlMllh (a»ppl«ia«it  1), pp.  18.  pU. 8. 


n^lklNa.  Vm  Hnm  *Hfc» gtnml  cavea  (and  »dd«iidi»»  to  Ft  1);  ■»  <P(1>  M|>.|ll.  I  (tB-^K 
N  ftlklMV.   aOMMOMHi»(kaitIieSalt.rai««;  pp.7(<»--flfX*laa^-lBi). 


(S»»ii«  XIII.) 

SALT-BANUK  iiy  WILLIAM  WAAOEN,  Fa.0. 

M  Vtf.Ii  n.  1  OtNX  PiMaa,  CapWoiwdm  pp.  tB,  yll.«. 
«  «  ..        taaM).  Oaa(i«p(>daaiid8appl«Mttoft.l.ni.m(7»-lB8).pll.lO(ltaM»Jk 

(Tii — xv\\ 

,  •  ..         S  r,  ).  ,  VP- UM1R5-S281,  pU.  8(lvi;— 

a  •  ».        4  (IKs;— 85),    lSr»fliHi|»Ki.,  ri'- (S2S-770).  rU  «2(ii»— IiHTiX 

a  a  B        6  (IM1&).  Brjrixi*— AnnrliOz'— Kc)>iuixl.'rtn»U.  p)>.  <U  j;7t-834)h|lib  10  (IncflU 

ifvi). 

.  MM        6  (1I<W).   Cu'lcntrraU,  pp.  00  r836— 9S4\  pla.  SO  (ictii— cxvi). 

.  ,  ,.        7  (18U7).    CcrlMil*r»la,  Protoigo.  pp.  7*(9!!i-:'99).pU.U  , 

roMib  fMo  tiM  Cmtit*  PtnMikos  i  Vol.  II.  pL  1  (1895).  Piaeca— Animtaoidaa,  ff.  934,  fU.  40. 
ttmkliM  BwBlHi  TaL  IV,  »l.  1  (1888).  pp,  1—881^4. 

(SIBIXB  VII.  .\IV.) 

TKIITUIIV  JSl)  UPPER  CRET.^CEOIIR  f  At  N.\  OF  WF.STFP.X  INDIA,  h  V.  MARTIX  DrsCA.S  m»d 
W.  PEIICV  PI.ADKN,  txcrpi  Pi  1,  tf  f.  STOLIC/.KA. 
Vox.  I,  pp.  16*  110  V  312*  91 -699,  pi"    6  ♦SS  +  58  *  1.1- iiH.  -tii.    Pt.  1  ;  Ttrtiarr  Cr.ht  from  Sind  and  Kack. 

Pt.  1  (m-ir  2)1  Bind  KtMil  C.vnil,  jr.J  AVvMinnii.    Pi.   3  ;  Tl.'  Kii.|l':.iJ.-«  cf   Sicd  :  faj.  /.  Th« 

Cardita  heammmmli  )xd»  i  Fa*.  3.  Tbo  ilauLkot  icrirt  ia  Wi:it''rn  bind  ^  /'^xf.  Tba  Kirtbiir  Srrie*  ;  4. 
TlMNari(0Uj|WWM).8«ri«;  At.  A.Tb*  Onj  (Uiixtm}  SwM:  A*.  8.    Th*  Il*kr4ii  (PliaMna)  8«iw. 


(8niM  XV.) 

mVAULTAlr  108811.9,  iy  CABl  DtSmB,  FB.D. 

I'ba  AntliraiMirithtc  Poiiili  of  Kiuhmir  and  Spit! .  Vol.  t,  Ft.  2  (1S89),  pp.  M,  pla.  8L 

Tl.a  FiiniCT-cxrboniferono  Finiia  of  CUitichua  Nn.  I  :  Vol.  I.  Pt.  3  (1S87),  pp.  lOS.pla.  IS. 
_     _  „...._.-..     ...  .  _    .     .  -  _.  .  


Tla  PvriBian  Foatib  oC  lb«  Prodiutu  8li*ii««r  KoBiMii  and  Ourbnl  i  rd.l,n.4  (188}),Bp.  e4.piik8. 
11ia  CephiilaFodaartkaLtwcrTMui  Vol.  II,  Pt.  1  (1897),  pp.  183,  pla.  88, 
Tb*  Ctpbabpoda  «f  Ik*  Mawlulkllli  s  Vol.  II,  Pt.  S  (18».%),  pp.  118,  pla.  tl. 

QiiMf  triaiiik  Captwiwofa  Wnum    tbt  miMMyn,  by  Pr.  USamtA  nm  IjAhwIw » Vtf.  IK,  Pt  >  (18881,  ig  IM,  ah.  II, 


iZVU 

BALUCHISTAN  FOSSILS,  »;  PBITZ  NOSTLtKa,  Pv.D.,  VdSA 
n*  VWasa  «f  Ibl  Rfllanjra  of  Maiir  Drik  :  VdJ.  I,  n.  1  (1$95),  pp.  22,  pU.  13. 

Tba  Vaaa* af  tba  {NcMomiaa)  BalaDiito  Bt4a  =  Vol.  I,  rt.  1  (i.SbiT).  rp-  <>>  pb.  8. 

<IlM»Mnaa«tt*Oppfran(iaaiM<|UMililiUeu)  llaJi  of  tl.a  M.ri  llillii  VaL I,  Ft « (UNI, Hi, |k a 

rS'iw  BeniKS.) 

Tol.  1, 1.  (IBOB).  pp.  14,  pi.  1 1  Tba  Umbrian  Fauna  cf  tbc  Eittrrn  8aJt«iiuiK%  >>7  K.  BcdQcfa,  PI>.D. 
«  w  Sl  (18B8X  pfi  8B,  pta,  «■  Hataa  as  tiM  M arpfaalog;  of  tbc  Patocypoda,     Mto  «4adtaff>  njha  VAt^ 


Tht|lia*fMitelbaa  pnblicationa  ia  4  •■nu(^paMa)parataBlaf^,.A 


Tatahaaamaaaal^illcaHi»wgOata>(llil»aHfc  taaiwi  K«aBarMi;itaub.1VitMt40t 
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